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COMPOUNDS  CONTAINING  24  AT.  CARBON. 

Primary  Nucleus  C"H®. 
Chrysene. 

C.  F.  VoGEL.    A.  Gehl,  5,  272. 

RoBiQUET  &  Colin.     Ann.  Chim,  Phys.  4,  326. 

Laurent.     Ann.  Chim.  Phys.  QQ,  136. 

Pelletier  &  Walter.    N,  Ann.  Chim.  Phys.  9,  917;  J.  pr.  Chem.  31, 

114. 
Gr.  Williams.     Chem.  Gaz.  1855,  405 ;   J.  pr.  Chem.  67,  248 ;  Lieh. 

Kopp's  Jahresber.  1855,  633. 

VogeVs  Volatile  Amber-resin. — Discovered  by  Vogel  in  1805.  A  yellow,  mealy 
powder,  which  Kidd  {Phil.  Trans.  1821,  212  and  219)  observed  among  the  products  of 
the  dislillation  of  coal,  is  perhaps  the  same  compound.  (Mansfield,  Chem.  Soc.  Qu.  J., 
i.  248.)  The  substance  observed  by  Drapiez  in  crude  oil  of  amber  (xiv.  325),  and  a 
yellow  product  obtained  by  Bussy  &  Lecanu  (J.  Pharm.  11,  362)  in  the  dry  distillation 
of  fat,  towards  the  end  of  the  operation,  appear  also  to  consist  of  impure  chrysene. 

Formation  and  Preparation.  1.  In  the  dry  distillation  of  amber, 
when,  towards  the  end  of  the  operation,  the  acid  and  all  the  oil  have 
passed  over,  and  the  charred  residue  is  strongly  heated,  yellow 
vapours  pass  over  and  condense  in  the  neck  of  the  retort.  (Robiquet 
&  Colin;  Pelletier  &  Walter.)  2.  When  the  tar  obtained  in  the 
preparation  of  illuminating  gas  from  oils  and  fats  is  subjected  to  dry 
distillation,  liquid  products  pass  over  at  first ;  afterwards,  when  f  of 
the  tar  have  distilled  over,  and  the  heat  is  very  much  increased,  a 
thick  oil  is  obtained,  the  last  portions  of  which,  if  collected  in  a  sepa- 
rate receiver,  deposit  a  small  quantity  of  chrysene,  while  pyrene 
remains  in  solution.  The  remainder  of  the  chrysene  condenses  in  the 
neck  of  the  retort.  (Laurent.) — 3.  In  the  distillation  of  coal-tar, 
chrysene  passes  over  at  a  much  higher  temperature  than  the  dead  oil. 
(WiUiams.) 


I 


Purification.  Yogel  purified  the  sublimate  obtained  by  method  1 
rom  adhering  oil,  by  dissolving  it  three  times  in  alcohol,  and  leaving 
he  solution  to  cool.    Robiquet  &  Colin  boil  it  for  some  time  with 
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water,  till  the  oil  is  volatilized ;  then  melt  it,  and  exhaust  the  lamino- 
granular  solid  mass  with  ether,  which  leaves  the  chrysene  undissolved. 
The  waxy  product  is  resolved  by  treatment  with  ether,  and  then  by 
repeated  boiling  with  a  small  quantity  of  absolute  alcohol,  into  yellow 
chrysene,  which  partly  remains  undissolved,  partly  crystalhses  out 
from  the  ether  and  alcohol— and  succisterene,  which  is  of  paler  colour, 
and  ultimately  turns  white.  (Pelletier  &  Walter.)  —  The  soft,  red 
sublimate  in  the  neck  of  the  retort  is  detached  by  scraping  and  rinsing 
with  a  little  ether,  then  triturated  and  repeatedly  boiled  with  ether, 
which  acquires  a  red  colour  by  taking  up  pyrene  and  the  thick  oil, 
whilst  chrysene  remains  in  the  form  of  a  red  powder.  (Laurent.) — 
WiUiams  frees  the  portion  of  the  sublimate  insoluble  in  ether,  from 
adhering  brown  oil,  by  prolonged  treatment  with  ether,  and  purifies 
it  by  re-crystalhsation  from  boiling  coal-tar  oil. 

Properties.  Shining  yellow  laminge,  resembling  uranium-mica. 
(Robiquet  &  Colin  ;  Williams.) — Crystalline  powder  of  a  fine  yellow 
colour,  without  any  tinge  of  red  or  green.  (Laurent.) — Soft  to  the 
touch  ;  does  not  adhere  to  the  tongue  so  strongly  as  wax.  (Vogel.) 
—Melts  between  80°  and  100°  (Vogel);  between  230°  and  235° 
(Laurent) ;  at  240°  (Pelletier  &  Walter) ;  and  sohdifies  to  a  deep 
yellow  laminar  mass  on  cooling.  (Laurent.) — Volatilises  completely 
at  high  temperatures  (Vogel) ;  with  partial  decomposition,  leaving  a 
small  quantity  of  charcoal.  (Robiquet  &  Colin,  and  others.)  — 
Inodorous  and  tasteless. 

Laurent.  Pelletier  Williams. 

mean.  &  Walter.  at  100°. 

24  C    144     ....     94-73     93-27     93-10     94-63 

8  H    8     ....       5-27     5-36     584     537 

C^4H8  152     ....  100-00     98-63     98-94     10000 

Decompositions.  1.  Chrysene  burns  in  the  air  at  its  boiling  point, 
forming  carbonic  acid  and  water  (Vogel);  on  red-hot  coals  it  burns  away 
without  emitting  any  peculiar  odour.  (Laurent.) — 2.  With  cold  oil 
of  vitriol,  it  turns  red-brown  with  a  few  violet  spots  ;  with  hot  oil  of 
vitriol,  it  assumes  a  fine  dark  green  colour.  (Laurent.) — It  is  only 
inferior  chrysene  that  is  coloured  by  cold  oil  of  vitriol  the  pure 
substance  dissolves,  with  dark  greenish  blue  colour,  only  in  hot  oil  of 
vitriol.  (Pelletier  &  Walter.)  —  3.  With  bromine,  chrysene  evolves 
hydrobromic  acid,  and  forms  a  brown  substance,  which  decomposes  by 
distillation.  (Laurent.) — 4.  Nitric  acid  attacks  it  at  a  gentle  heat, 
with  evolution  of  red  vapours,  and,  after  prolonged  boiling,  converts 
it  into  binitrochrysene,  whilst  a  yellow  powder,  precipitable  by  water, 
remains  in  solution.  (Lam-ent.) — Vogel  and  others  obtained  a  resin  by  treating 
chrysene  with  nitric  acid — 5.  Chrysene  dissolves  in  alcohol  containing 
potash,  and  separates  therefrom  as  a  resin.  (Vogel.) — It  is  not 
attacked  by  boiling  with  ammonia  or  potash-ley,  but  colours  the  latter 
yellowish.     (Robiquet  &  Colin.) 

Chrysene  is  insoluble  in  water,  also  in  alcohol.  (Robiquet  &  Colin, 
and  others.) — When  impure  and  contaminated  with  oil,  it  dissolves 
in  boiling  alcohol.  In  ether  it  is  but  very  sparingly  soluble ;  accord- 
ing to  Vogel,  it  requires  for  solution,  32  pts.  of  cold  and  almost  as 
much  of  boiling  ether. —  Soluble  in  chloroform,     (Cloez,  iV.  J.  Fharm, 
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14,  382.)  ;  in  boiling  oil  of  twpentine,  rather  more  freely  than  in 
ether  (Laurent) ;  easily  in  oil  of  lavender ;  scarcely  in  cold,  easily  in  hot 
oil  of  amher  (Vogel)  ;  soluble  in  boihng  coal-tar  naphtha.     (Williams.) 


Nitro-nucleus  C^^X^'H*. 

Binitrochrysene. 

C24^2IP0«  =   C2*X2H«. 
Laurent.     Ann.  Chim.  Phys.  66,  140,  and  72,  426. 

1.  Chrysene  (p.  1)  is  boiled  for  a  while  with  nitric  acid,  whereupon 
a  red  powder  separates ;  the  nitric  acid  is  then  decanted,  and  the  red 
powder  is  boiled  with  alcohol  and  dried.  The  alcohol  and  the  nitric 
acid  retain  in  solution  a  yellow  body  precipitable  by  water. — 2.  When 
chrysene  is  boiled  for  a  very  long  time  with  a  large  excess  of  nitric 
acid,  part  of  it  dissolves,  and  water  then  separates  beautiful  orange- 
coloured  flocks,  which  must  be  washed  and  dried. 

The  product  obtained  by  method  1  is  a  red  powder,  like  mercuric 
oxide ;  the  second  method  yields  an  orange-coloured  powder.  (Lau- 
rent.)— Pure  yellow,  and  shining ;  highly  electrical.  (Williams,  Ohem. 
Gaz.  1855,  405.) 


24  C  

2  N 

144     .. 

23     .. 

..     59-50     ... 
..     11-56     ... 
..       2-48     ... 
..     26-46     ... 

Laurent. 
earlier.          later. 
....     58-29     ....     56-82 
....     11-66     ....     11-80 

6  H  

6     .. 

2-27     ....       2-33 

8  O 

64     .. 

.. .     27-78     ....     2905 

C24X2H6 242     ....  100-00     100-00     ....  100-00 

Laurent  regarded  the  products  obtained  by  the  two  methods  as  different. 

Nitrochrysene,  heated  in  a  glass  tube,  melts,  swells  up,  and  takes 
fire  with  detonation  and  brown  smoke.  It  detonates  on  glowing 
coals. — It  dissolves  in  cold  oil  of  vitriol,  with  brown-yellow  colour. 
Dissolves  partially  in  alcohoUc  potash,  and  is  precipitated  therefrom  in 
brown  flakes  by  acids.  It  is  not  converted  into  a  base  by  sulphide  oj 
potassium.     (Williams.)  -    ^ 

Insoluble  in  water,  scarcely  soluble  in  alcohol  or  ether. 


Primary  Nucleus  C^^W^ ;  Amidogen-nucleus  C^Ad'H^'*. 

Pyrrol-red. 

C^N'H^^O'  _  c^^Ad'^H^SO^ 

EuNGE.     Pogg,  31,  67. 

Anderson.     Edinb.  Phil.  Trans.  21,  4,   571 ;  Ann.  Pharm.   105,    349 ; 
Chem.  Centr.  1858,  417  j  Kopp's  Jahresber,  1857,  398. 

b2 


4  PRIMARY  NUCLEUS  C^^H^s .   AMIDOGEN-NUCLEUS  C^^AdSH'". 

ScHWANERT.      Hobilitationschrift,    uher    Zersetzungen    der   Schlemsaure, 
Greifswald,  1860:  abstr.  Ann,  Pharm.  116,  279. 

First  observed  by  Range ;  investigated  by  Anderson. 

Formation.  1.  Pyrrol  is  resolved  by  heat,  or  by  several  days' 
contact  with  excess  of  acid,  into  pyrrol-red  and  ammonia.  (Anderson.) 

ZCmW  +  2H0  =  C24N2H1402  +  NH^. 

2.  Carbopyrrolic  acid,  or  carbopyrrolate  of  baryta,  is  resolved,  by 
heating  to  60°,  or  above,  with  acids,  into  carbonic  acid  and  pyrrol, 
which  latter  is  then  decomposed  as  in  1.     (Schwanert.) 

3C10H5NO4  +  2H0  =  C2^N2Hi402  +  NH^  +  6C02. 

Schwanert  obtained  from  carbopyrrolate  of  baryta  22-05  p.  c 
carbonic  acid,  2*1  nitrogen,  as  ammonia  (calculation,  22-3  CO^  2-5  N), 
but  only  22*4  p.  c.  pyrrol-red  (calc.  37'9  p.  c),  perhaps  because  the 
latter  is  not  always  obtained  of  constant  composition. 

Preparation,  Pyrrol  is  dissolved,  with  brisk  agitation,  in  oil  of 
vitriol  diluted  with  4  —  6  pts.  water  ;  the  liquid  is  heated  with  continued 
agitation  till  red  flocks  separate,  then  filtered,  and  immediately  washed 
with  boiling  water,  till  nearly  all  the  acid  is  removed;  afterwards 
with  a  small  quantity  of  dilute  potash-solution.     (Anderson.) 

Properties.  Light  orange-red  powder,  which  turns  brownish  when 
heated.  Light  or  dark  brown  powder,  destitute  of  taste  and  odour. 
(Schwanert.) 

Anderson. 

Calculation,  according  to  Anderson.         mean  ;  in  vacuo, 
24  C 144     71-28     71-98 

2  N 28     13-86     13-59 

14  H 14     6-93     6-88 

2  0 16     7-93     7-55 

C2^N2H"02  202     100-00     100-00 

Schwanert  found  in  pyrrol -red  from  carbopyrrolic  acid,  59-24  C,  5*94  H,  and  62-4  C, 
4-7  H,  and  11-39  N,  after  drying  at  110°,  perhaps  because  partial  decomposition  had 
taken  place.     (See  below). 

Decompositions.  After  prolonged  heating  to  1 00 ° ,  it  increases  in  weight 
from  slow  oxidation. — 2.  Yields,  by  dry  distillation,  a  stinking  oil  con- 
taining pyrrol,  and  leaves  charcoal. —  3.  Heated  in  contact  with  the 
air,  it  takes  fire  and  burns  away. —  4.  It  is  decomposed  by  prolonged 
boiling  with  acids  or  alkalis,  acids  converting  it  into  a  dark  red  sub- 
stance which  contains  74  p.  c.  charcoal.  (Anderson.)  —  5.  By  nitric  acid 
it  is  resinised,  and  afterwards  converted  into  oxahc  acid.  (Anderson.) 
Fuming  nitric  acid  dissolves  it.     (Schwanert.) 

Water  neither  dissolves  nor  acts  on  it.  It  does  not  dissolve  in 
aqueous  acids  or  alkalis. 

Sparingly  soluble  in  cold,  more  soluble  ui  hot  alcohol ;  sparingly  in 
ether,    (Anderson,  Schwanert.) 


PYRROU  O 

Appendix  to  Yol.  x.,  p.  16. 

Pyrrol. 

RuNGE.    Po^g.  31,  67. 

Anderson.     Ann.  Pharm.  80,  63  ;  N.  Phil.  Mag.  J.  2.  457  ;  Edinh.  Phil. 

Trans.  20,  2,  247;    J.  pr.  Chem.  54,  36;   N.  Ann.  Chim.  Phys.  34. 

^2>2.— Edinh.  Phil.  Trans.  21,  4,  571 ;  Ann.  Pharm.  105,  349 ;  Chem. 

Centr.  1858,  417  ;  Kopp's  Jahresher.  1857,  398. 
ScHWANERT.      HobiUtationschrift    iiber    Zersetzungen    der     Schleimsciure, 

Greifswald,  1860  ;  abstr.  Ann.  Pharm.  116,  279. 

Rothol. — Discovered  by  Runge  in  1834,  but  first  prepared  pure  and  investigated  by 
Anderson. 

Formation.  1.  Carbopyrrolic  acid  is  resolved  by  heat  into  pyrrol 
and  carbonic  acid.     (Schwanert.) 

CiONHSQ''  =  C8NH5  +  2C02. 

2.    By  the  dry  distillation  of  mucate  of  ammonia.     (Schwanert.) 

Ci2H8(NH4)20'6  =  QmW  +  4C02  +  NH^  +  8H0. 

8.  In  the  dry  distillation  of  coal  and  of  various  animal  matters,  passing 
over,  with  many  other  bodies,  into  coal-tar  oil,  the  wash-water  of 
the  illuminating  gas,  and  bone-oil.  (Runge,  Anderson.)  Feathers 
distilled  per  se  yield  considerable  quantities  of  pyrrol,  together  with 
other  bases  ;  flannel  also  yields  it,  together  with  sulphm-etted  hydrogen, 
sulphide  of  carbon,  and  carbonate  of  ammonia.  (Williams,  Chem.  Gaz., 
1858,  309  ;  Ann.  Pharm.  109,  127.)— 4.  By  the  dry  distillation  of  many 
organic  bases.  It  is  found  among  the  products  of  distillation  of  quinine 
and  cinchonine  (xiii.  244)  and  of  pelosene,  together  with  methylamine 
and  ethylamine.  (WilHams,  Chem.  Gaz.  1858,  321  ;  Pep.  Chim.  pure.  1, 
118.)    Pyrrol  is  contained  in  the  so-called  oil  of  tobacco.    (Runge.) 

Preparation.  1.  From  Mucate  of  ammonia.  When  dry  pulverised 
mucate  of  ammonia  is  subjected  to  dry  distillation,  crystals  of  carbonate 
of  ammonia  are  obtained,  together  with  an  aqueous  solution  of  carbo- 
pyrrolamide  (=bipyromucamide,  X.  405,)  and  a  brown  oil  floating  thereon. 
The  latter  is  washed  with  water,  dehydrated  with  lumps  of  potash, 
distilled,  and  rectified  after  standing  over  chloride  of  calcium.  The 
greater  the  quantity  of  mucate  of  ammonia  heated  at  once,  the  larger 
is  the  proportion  of  pyrrol  obtained.  Carbopyrrolic  acid  does  not  yield 
pure  pyrrol  so  easily,  because  it  subhmes  at  the  same  time.    (Schwanert.) 

2.  From  Bone-oil.  Large  quantities  of  crude  bone-oil  are  subjected 
to  fractional  distillation;  the  water  which  passes  over  with  the  first 
portions  is  removed;  the  more  volatile  half  of  the  oily  distillate  is 
mixed  with  dilute  sulphuric  acid  and  set  aside  for  several  days ;  and 
the  strongly  acid  hquid  separated  from  the  undissolved  oil  is  kept 
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boiling  in  a  still  as  long  as  a  colourless  stinking  oil  passes  over,  which 
soon  becomes  reddish,  and  afterwards  nearly  black,  on  exposure  to  the 
air.  The  oil,  freed  from  water,  is  resolved  by  repeated  fractional  distil- 
lation into  several  parts.  The  portion  which  distils  over  between  132''  and 
143°  is  repeatedly  shaken  up  with  a  small  quantity  of  very  dilute  sulphu- 
ric acid,  to  remove  admixed  picoline ;  the  solutions  are  separated ;  and  the 
remaining  oil,  amounting  to  about  \  of  the  original  quantity,  is  dehydrated 
with  lumps  of  potash,  and  rectified,  the  last  portion  of  the  distillate  being 
each  time  removed,  till  (after  about  15  distillations)  nearly  the  whole 
passes  over  between  134-5°  and  138°.  The  pyrrol  thus  obtained  is 
still  contaminated  with  a  small  quantity  of  a  substance  producing  formic 
and  propionic  acids,  from  which  it  may  be  freed  by  boiling  with  hydrate 
of  potash.  Anderson  therefore  mixes  it  with  5  or  6  parts  of  potash- 
hydrate  in  coarse  lumps,  and  heats  it  in  a  copper  flask  fitted  with  a  long 
upright  condensing  tube,  till,  as  the  temperature  gradually  rises,  only 
a  small  quantity  of  liquid  evaporates,  then  replaces  the  vertical  by  a 
condensing  tube  bent  downwards,  and  distils  off  all  that  is  volatile  at 
a  red  heat.  On  pouring  water  upon  the  fused  yellowish  white  residue, 
pyrrol  separates  in  the  form  of  an  oil,  which  is  obtained  pure  by  recti- 
fication.    (Anderson.) 

Properties.  Transparent,  colourless  oil,  of  sp.  gr.  1*077,  and  boiling 
point  133°.  It  has  an  agreeable  ethereal  odour,  resembling  that  of 
chloroform,  and  a  pungent  taste.  (Anderson,  Schwanert.)  Pyrrol 
prepared  by  method  2,  and  not  treated  with  hydrate  of  potash,  has  an 
unpleasant  odour.  (Anderson.)  Vapour-density  =  2*40 ;  before  treat- 
ment with  potash-hydrate,  it  is  2*50.  (Anderson.)  The  vapour  of 
pyrrol  colours  fir-wood,  moistened  with  hydrochloric  acid,  deep  purple- 
red  (Runge) ;  pale  red  at  first,  then  deep  carmine-red.  (Anderson.) 
This  test  will  indicate  the  presence  of  an  extremely  small  quantity  of 
pyrrol.    (Runge,  compare  Po^g.  32,  322.) 


Anderson. 

Schwanert. 

a.  (mean)            b. 

a.                  b. 

8  C 

48     . 

..     71-64     ... 

....     71-59     ....     71-54     .. 

..     71-67     ....     71-29 

N 

14     . 

..     20-90     ... 

..     19-80     .... 

5H 

5     . 

..       7-46     ... 

7-87     ....      7-77     .. 

..       7-63     ...        7-59 

C^NH'... 

67     . 

..  100-00     ... 

..     99-10     .... 

a.  Having  an  offensive  odour;  not  treated  with  hydrate  of  potash.  (Anderson). — 
a.  Obtained  from  purs  mucate  of  ammonia  ;  h.  from  carbopyrrolic  acid.    (Schwanert.) 

Decompositions.  Pyrrol  gradually  turns  brown  when  exposed  to  the 
air. — When  heated  with  excess  of  acids^  it  is  resolved  into  ammonia 
and  pyrrol-red.     (Anderson.) 

3CSNH5  +  2H0  =  C24N2H»02  +  NH^. 

By  continued  boihng,  the  liquid  is  decolorised,  and  the  pyrrol-red  is 
further  altered.  (Anderson).— Pyrrol  is  rapidly  dissolved  by  nitric  acid^ 
giving  off  red  vapours,  and  forming  a  dark  red  hquid,  and  by  longer 
boihng  is  converted  into  oxalic  acid.  Water  added  to  the  red  solution 
throws  down  a  resin.  (Anderson).  Aqueous  pjnrrol  is  coloured  deep 
red  by  nitric  acid.  (Runge.)  The  aqueous  solution  of  hydrochlorate  of 
pyrrol  is  decomposed  by  bichromate  of  potash,  with  formation  of  a  black 
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precipitate :  with  sesquichloride  of  iron,  it  acquires  a  green  and  after- 
wards a  black  colour  ;  and,  when  heated  with  sulphate  of  copper^  forms 
a  green  solution,  and  deposits  a  small  quantity  of  black  powder. — 
From  bichloride  of  platinum,  cold  hydrochlorate  of  pyrrol  throws  down 
first  a  yellow  and  after  a  few  minutes  a  black  platiniferous  precipitate. 
(Anderson.) 

Pyrrol  is  nearly  insoluble  in  tvater.  It  dissolves  slowly  in  aqueous 
acids,  but  is  insoluble  in  alkalis. 

Chloride  of  Cadmium  with  Pyrrol. — On  mixing  the  alcoholic  solutions 
of  pyrrol  and  chloride  of  cadmium,  a  white  crystalline  powder  is  formed, 
insoluble  in  water,  easily  soluble  in  hydrochloric  acid,  and  easily  decom- 
posed by  heating  with  water  and  alcohol.     (Anderson.) 


16  C 

960     .. 

..     23-50     ... 
..       6-85 
..       2-44     ... 
..     67-21 

Anderson. 
23-25 

2  N 

28-0      . 

10  H 

3  CdCl    

10-0     .. 

274-5     .. 

2-19 

2C'*NH5,3CdCl 408-5     ....  10000 

Mercuric  Chloride  with  Pyrrol. — Separates  on  mixing  the  alcoholic 
solutions  of  pyrrol  and  mercuric  chloride,  as  a  white,  somewhat 
crystalline  powder,  easily  altered  by  excess  of  mercuric  chloride. — It  is 
insoluble  in  water,  sparingly  soluble  in  cold,  more  easily  irr  boiling 
alcohol,  in  the  latter,  however,  with  partial  decomposition. 


8  C 

In  vacuo. 
48     ... 

.       7-88     .. 
.       2-31 
,.       0-82     .. 
.     23-31 
..     65-68     .. 

Anderson. 

mean. 

7-73 

N 

5  H 

14     ... 

5     ... 

0-81 

4  CI 

4  Hg   

142     ... 

400     .., 

66-89 

C5NH5,4H£ 

rCl 609     .. 

..  100-00 

Pyrrol  dissolves  easily  in  alcohol  and  ether. 

Primary  Nucleus  C^^H";  Oxygen-nucleus  C'*H^^O*. 

Piperic  Acid. 

Von  Babo  &  Keller.     Dissertation  von   C.  Keller,  Freiburg,  1856,  16 ; 

Freiburg  naturw.  Berichte,  1856 ;  J.  pr.  Chem.  72,   53 ;  abstr.   Chem. 

Centr.  1858,  241  ;   Chem.  Gaz.  1858,  7  ;  Kopp's  Jahresber.  1857,  413. 
Ad.  Strecker.     Ann.  L^harm.   105,  317;  J.  pr.  Chem.  74,  191;  Kopp's 

Jahresber.  1857,  415. — Ann.  Pharm.  118,280;   N.  Ann.  Chim.  Phys. 

63,  233. 
G.  C.  Foster.     Chem.  Soc.  J.  15,  17. 

Pipericylic  Acid  (Weltzien). 

Formation.      Piperine  boiled  with  alcoholic  potash  is  resolved  into 
piperic  acid  and  piperidine.     (v.  Babo  &  Keller.) 

C34H19N06  +  2H0  =  C2<Hi0O8  +  C^ONH"  (Strecker). 


8  PRIMARY  NUCLEUS  C^^HH :   OXYGEN-NUCLEUS  CS^IPOO^. 

Preparation.  1  part  of  piperine  is  boiled  with  3  pts.  of  potash-hydrate, 
and  16  to  20  pts.  absolute  alcohol ;  the  liquid  which  distils  over  being- 
continually  poured  back  and  the  process  continued  for  twelve  hours,  or 
till  a  sample  of  the  mixture  taken  out  of  the  retort  is  no  longer  pre- 
cipitated by  water  (Von  Babo  &  Keller) ;  or,  better,  equal  weights 
of  piperine  and  potash-hydrate,  with  as  much  strong  alcohol  as  is 
required  to  dissolve  both,  are. heated  for  4  or  5  hours  to  100°  in  a 
closed  vessel.  (Foster.)  The  crystalline  plates,  which  are  therebj^  pro- 
duced in  abundance,  are  separated  from  the  brown  mother-liquor, 
purified  by  repeated  crystaUisation  from  a  small  quantity  of  boiling  water, 
with  help  of  animal  charcoal,  then  dissolved  in  water,  and  decomposed 
by  dilute  hydrochloric  acid  ;  and  the  acid,  which  separates  as  a  jelly,  is 
collected,  washed,  and  purified  by  repeated  crystaUisation  from  alcohol. 
Another  method  is,  to  neutralise  the  aqueous  solution  of  the  impure 
potash-salt  with  acetic  acid,  mix  it  with  a  small  quantity  of  solution 
of  acetate  of  lead,  separate  the  lead  dissolved  in  the  filtered  liquid  by 
sulphuretted  hydrogen,  filter  again,  and  evaporate  to  the  crystallising 
point  (v.  Babo  &  Keller). 

Properties.  Yellowish  capillary  needles ;  in  the  moist  state,  sulphur- 
yellow  jell}^  which  shrinks  on  drying.  Melts  at  150°,  subhmes  at  about 
200°,  partly  unaltered,  emitting  an  odour  of  coumarin,  and  leaving  a 
brown  fused  residue.     Reaction  scarcely  acid.  (v.  Babo  &  Keller.) 

Strecker. 

at  100°.               V.  Babo  &  Keller.             mean.  Foster. 

24  C    144  ....     66-06  ....     66-08     to     66-88  ....     65-90  ....  65-83  ....     66-01 

10  H  10  ....       4-59  ....       4-80     ....       514  ....       4-65  ....  4-92  ....       494 

8  O  64  ....     29-35  ....     2912     ....     27-98  ....     2945  ....  2925  ....     2905 

C24H10O8,...  218  ....  100-00  ....  100-00     ....  100-00  ....  100-00  ....  lOO'OO  ....  lOO'OO 

This  is  the  formula  proposed  by  Strecker ;  v.  Babo  &  Keller  give  the  formulse 
C50H22O16  and  Q.^m^O^\ 

Decompositions.  1.  For  the  decomposition  by  dry  distillation,  see  above. — 
2.  Burns  when  heated  in  contact  with  the  air,  emitting  an  odour  of  anise, 
and  leaving  a  difiicultly  combustible  charcoal. — 3.  Nascent  hydrogen 
(sodium-amalgam)  converts  it  into  hydro-piperic  acid  (p.  11.)  (Foster.) 
— 4.  Oil  of  vitriol  colours  it  blood-red,  and  then  chars  it.— 5.  When 
treated  with  iodine^  hromine^^  or  chlorine,  it  forms  substitution-products. 
— 6.  Concentrated  hydriodic  acid  acts  upon  it,  even  below  100°,  pro- 
ducing carbonic  acid,  and  a  black,  uncrystaUisable,  humus-hke  sub- 
stance. (Foster.)— 7.  In  contact  with  pentachloride  of  phosphorus,  it 
acquires  a  vermillion-red  colour,  and  dehquesces  after  a  few  days, 
forming  oxychloride  of  phosphorus,  and  yielding  vermillion-coloured 
crystals.  If  the  product  (the  crystals,  Kr.)  obtained  by  the  action  of 
pentachloride  of  phosphorus  on  piperic  acid  is  mixed  with  piperidine,  a 
substance  is  formed  which  is  insoluble  in  water  and  potash-ley,  but 
soluble  in  strong  hydrochloric  acid,  alcohol,  and  ether.— 8.  Nitric  acid, 
even  when  dilute,  converts  piperic  acid  into  an  orange-coloured  nitro- 
compound, which,  when  heated  with  potash-hydi-ate,  gives  off  an 
odour  of  coumarin.  (v.  Babo  &  Keller.)—^  9.  Piperic  acid  added  to 
fused  potash-hydrate  containing  a  little  water  in  excess,  is  at  first  dis- 
solved ;  immediately  afterwards  the  mixture  turns  brown,  and  hydrogen 
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is  evolved,  so  that  the  continued  addition  of  piperic  acid  causes  it  to 
froth  over  if  not  constantly  stirred.  When  the  evolution  of  gas  is  no 
longer  perceptible,  the  mass  contains  protocatechuate,  acetate,  oxalate, 
and  carbonate  of  potash,  with  a  relatively  small  quantity  of  a  humus- 
like body,  probably  a  product  of  the  decomposition  of  protocatechuic 
acid.     The  reaction  which  takes  place  is  probably : — 

C24ijioo8  +  16H0  =  Ci^H^OS  +  CH^O^  +  CH^Qs  +  CO*  +  W\     (Strecker.) 

Protocatechuic  acid  is  apparently  identical  with  the  acid  of  the  same  compositioa 
produced  by  the  action  of  hydriodic  acid  on  hemipinic  acid  (xiv.  431)  ^. 

Combinations.  Piperic  acid  is  nearly  insoluble  in  ivater.  (v.  Babo  & 
Keller.)  It  unites  with  salifiable  bases,  forming  the  piperates,  which 
according  to  Strecker,  are  composed  of  C2*H^M0^  but  according 
to  V.  Babo  &  Keller,  are  bimetalhc  salts,  containing  C^R^^WO^\  or 
(3«)j3;20]yx20i«. 

Piperate  of  Ammonia.  —  Piperic  acid  is  added  to  hot  concentrated 
ammonia,  as  long  as  it  continues  to  dissolve ;  the  filtrate  is  left  to  cool, 
and  the  resulting  crystals  are  dried,  first  over  a  mixture  of  lime  and  sal- 
ammoniac,  then  over  oil  of  vitriol. — Colourless  scales,  with  satiny  lustre, 
resembling  cholesterin.  When  exposed  in  the  moist  state  to  the  air, 
it  gives  off  ammonia,  and  turns  yellow.  Between  100°  and  150°,  it 
gives  off  ammonia,  without  further  alteration  and  without  loss  of 
water;  and  between  180°  and  200°,  it  decomposes,  emitting  an  odour 
of  anise,  (v.  Babo  &  Keller.) 

at  50°  in  vacuo.  v.  Babo  &  Keller. 

24  C 144     ....     61-28  61-77 

N    14     ....       5-95  5-73 

13  H    13     ....       5-53  6-17 

8  O    64     ....     27-24  26-33 

C2^H9(NH4)08 235     ....  100-00     10000 

Piperate  of  Potash. — Obtained  as  ah-eady  described  (p.  8),  or  by 
dissolving  the  acid  in  potash-ley.  Yellowish- white,  silky  laminae,  pro- 
bably belonging  to  the  right  prismatic  system.  When  heated,  it 
glows  and  emits  an  odour  of  anise,  and  when  subjected  to  dry  distilla- 
tion, yields  a  small  quantity  of  tar,  containing  carbolic  acid,  and  leaves 
a  mixture  of  charcoal  and  carbonate  of  potash.  It  dissolves  sparingly 
in  cold,  easily  in  boihng  water,  sparingly  in  alcohol,  and  is  nearly 
insoluble  in  ether,  (v.  Babo  k  Keller.) 


24  C   

...  144-0     . 
...       9-0     ., 
...     56-0     . 
...     47-2     . 

V. 

...     56-21 
...       3-51 
...     21-86 
...     18-42 

Babo  &  Keller. 
mean. 

....     55-73     

....       3-63     

....     22-75     

....     17-89     

Foster. 
{at  100°). 
.     55-92 

9  H 

7  0 

.       3-52 
.     22-26 

KO 

.     18-30     ....     18-17 

C24H9K08 

...  256-2     . 

...  100-00 

....  10000     

.  100-00     .... 

Piperate  of  Soda. — Precipitated  on  dissolving  the  acid  in  hot  soda- 
ley,  and  cooling,  as  a  white  crystalline  powder  sparingly  soluble  in  cold, 
easily  in  hot  water,  and  precipitated  from  the  aqueous  solution  by  alcohoU 
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A  concentrated  solution  of  chloride  of  potassium,  containing  only  2  per  cent,  of  chloride 
of  sodium,  still  yields  a  precipitate  of  this  salt,  when  treated  with  piperate  of  potash, 
(v.  Babo  &  Keller.) 

Piperate  of  Baryta. — Obtained  as  a  loosely  coherent,  white  pre- 
cipitate, by  treating  the  aqueous  solution  of  the  potash-salt  with 
chloride  of  barium.  Microscopic  needles,  requiring  about  5000  pts. 
of  water  to  dissolve  them,  and  undergoing  partial  decomposition  at 
the  same  time  (v.  Babo  &  Keller) ;  more  soluble  in  hot  water.  (Foster.) 


24  C 

9  H  

at  100°. 
....  144 
9 

...     50-43 
..        3-15 
...     19-63 
...     26-79 

Babo  &  Keller. 

mean. 
....     51-05 
....       3-78 
....     18-85 
....     26-32     .... 

Foster. 
{at  100'). 

7  O 

....     56 

BaO 

....     76-6     . 

26-77     26-67 

C2*H9Ba08... 

....  285-6     . 

...  100-00 

....   100  00 

The  salt  is  completely  decomposed  by  a   stream  of  carbonic   acid 
passed  through  its  boiUng  aqueous  solution.  (Foster.) 

Piperate  of  Strontia.  —  White  precipitate,  obtained  by  adding  a 
strontia  salt  to  the  aqueous  potash-salt  (v.  Babo  &  Keller). 

Piperate  of  Lime. — Aqueous  piperate  of  potash  added  to  a  solution 
of  chloride  of  calcium,  throws  down  slender  needles,  somewhat  more 
soluble  in  water  than  the  baryta-salt.  It  contains  50-07  to  52-62  per 
cent.  C,  3-96  to  4-10  H,  and  12-03  lime.  (v.  Babo  &  Keller.) 

Piperate  of  Magnesia. — Moderately  dilute  solutions  of  japerate  of 
potash  and  hydrochlorate  of  magnesia  deposit  this  salt,  after  a  few 
days,  in  long  slender  needles,  (v.  Babo  &  Keller.) 

From  salts  of  alumina,  piperate  of  potash  throws  down  a  white 
precipitate. 

Piperate  of  Manganese.  —  Small,  yellowish  laminae,  having  a  silky 
lustre,     (v.  Babo  &  Keller.) 

Piperate  of  Zinc. — Yellowish  white,  curdy  precipitate,  obtained 
by  precipitating  chloride  of  zinc  with  the  potash- salt.  (v.  Babo  «fe 
Keller.) 

Piperate  of  Cadmium  is  a  white  powder.  The  lead-salt  is  a  yellowish 
precipitate,  which  dissolves  shghtly  when  heated,  and  separates  as  a 
white  crystaUine  powder  on  coohng.  —  Ferrous  piperate  is  yellowish 
white,  insoluble,  easily  oxidisable.  —  Piperate  of  cobalt  is  rose-coloured ; 
piperate  of  nickel  light  green,  insoluble,     (v.  Babo  &  Keller.) 

Piperate  of  Copper  is  precipitated  by  the  potash-salt  from  sul- 
phate of  copper,  more  abundantly  on  addition  of  ammonia,  in  slender  sky- 
blue  needles.  Contains  49*67  C,  3*68  H,  15.36  0,  and  31*29  p.c.  CuO. 
(v.  Babo  &  Keller.) 

Mercurous  Piperate.  —  White  precipitate,  reduced  by  ammonia. 
(v.  Babo  «&  Keller.) 

Mercuric  Piperate.  —  Yellowish  white  precipitate,  from  which  potash- 
ley  separates  mercuric  oxide,     (v.  Babo  &  Keller.) 
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Piperate  of  Silver.  —  Obtained  as  a  colourless,  scarcely  crystalline 
powder,  by  precipitating-  nitrate  of  silver  with  the  aqueous  potash-salt. 
Insoluble  in  water  and  alcohol.  (v.  Babo  &  Keller.)  Does  not 
diminish  in  weight  at  100°.     (Strecker.) 


24  C  

9  H 

at  100°. 
....  144     .. 
9 

V. 

.     44-31 
.       2-76 
.     19-69 
.     33-24 

Babo  &  Keller. 
Tnean. 

....     43-42     

....       301     

....     20-52     

....     33-05     

Strecker. 
mean. 
.     44-35 
2-85 

8  O  

....     64     .. 

.     19-65 

Ag 

....  108     .. 

.     33-15 

C2^AgH908... 

325     .. 

..  100-00 

...  100-00     

..  100-00 

When  terchloride  of  gold  is  mixed  with  piperate  of  potash,  a  yel- 
lowish white  precipitate  is  obtained,  which  soon  yields  metaUic  gold, 
(v.  Babo  &  Keller.) 

Piperate  of  Piperidine.  —  (p.  14.) 

Piperic  acid  dissolves  in  270  pts.  of  absolute  alcohol,  easily  in  the 
same  Uquid  at  the  boiling  heat.  It  dissolves  but  sparingly  in  ether, 
either  hot  or  cold,  scarcely  at  all  in  sulphide  of  carhon  or  rock-oil,  some- 
what more  easily  in  benzene,     (v.  Babo  &  Keller.) 


Appendix  to  Piperic  acid. 

IT  Hydropiperic  Acid. 

G.  C.  Foster  (1862).     Chem,  Soc.  J.  15, 19  ;  abstr.  Zeitschr.  Ch.  Pharm. 
5,  9  ;  and  Piivate  communication. 

Formation  and  Preparation.  An  aqueous  solution  of  piperate  of 
potash  is  treated  with  sodium-amalgam,  at  a  gentle  heat ;  after  the 
action  has  been  continued  for  some  hours,  the  addition  of  hydrochloric 
acid  precipitates  hydropiperic  acid  in  oily  drops,  which  gradually 
solidify  on  standing.  It  may  be  purified  by  crystallisation  from  a  large 
quantity  of  boiling  water,  or  by  solution  in  alcohol  and  treatment  with 
animal  charcoal. 

Properties.  Colom'less ;  tasteless  at  first,  after  a  time  somewhat 
burning.  As  deposited  from  boihng  water,  it  forms  long,  exceedingly 
thin,  silky  needles ;  by  the  spontaneous  evaporation  of  its  ethereal 
solution,  it  may  be  obtained  in  tolerably  large,  hard  cr^^stals,  apparently 
monoclinic  (obUque  prismatic),  and  mostly  hemitropic.  Melts  at 
63°  or  64° ;  sohdifies  at  about  56° ;  not  volatile  without  decomposition. 


24  C    

12  H  

8  0  

144     . 

12     . 

64     . 

...     65-46     . 
...       5-45     . 
...     29-09     . 

..     65-24     . 
..       5-65     . 
..     29-11     . 

Foster. 
...     65-44     . 
..       5-67     . 
...     28-89     . 

..     65-31 
..       5-60 
..     29-09 

C24H1208 

220     . 

...  100-00     . 

...  100-00     . 

..  100-00     . 

..  100-00 
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Decompositions.  1.  When  heated  somewhat  above  its  melting  point,  it 
gives  off  choking  white  fumes,  which,  when  diluted  with  much  air,  smell 
like  oil  of  anise,  and  leaves  a  small,  easily  combustible,  carbonaceous 
residue.  — 2.  Strong  hydr iodic  acid  decomposes  it,  below  100°,  into  car- 
bonic acid  and  a  black  humus-like  body,  which  gives  a  black  solution  with 
alkalis. — 3.  Fuming  nitric  acid  colours  it  blood-red  ;  ordinary  nitric  acid, 
diluted  with  its  own  bulk  of  water,  acts  violently  upon  it  if  gently 
heated,  giving  a  solution  from  which  water  precipitates  a  semi-fluid 
nitro-acid.— -4.  Oil  of  vitriol  colours  it  blood-red. — 5.  Fused  with  excess 
of  hydrated  alkali,  it  evolves  much  gas,  and  the  brown  fused  mass 
exhibits  the  reactions  of  the  acid  C"H®0^  obtained  by  the  action  of 
hydriodic  acid  on  hemipinic  acid  (xiv.  431 1  see  also  Decompositions  of  piperic 
acid,  XX.  S) — Q.  With  chloride  of  acetyl  at  150°,  it  yields  hydrochloric 
acid  and  a  neutral  oil,  insoluble  in  water  and  dilute  alkaUs. 

Combinations.  With  water.  Hydropiperic  acid  is  very  shghtly 
soluble  in  cold  water,  somewhat  more  so  in  hot  water ;  the  hot  satu- 
rated solution  reacts  strongly  acid ;  on  cooling,  it  deposits  the  acid  in 
oily  drops,  as  long  as  its  temperature  is  above  the  melting  point  of  the 
latter ;  the  rest  separates  in  long,  thin  crystals  (vid.  sup.). 

With    salifiable    bases,    it    forms    hydropiperates,    salts    containing 

Hydropiperate  of  Ammonia  crystallises  from  hot  water  in  small 
shining  scales. 

Foster. 

C24H1208  220     ....     92-83     ....     92*85     ....     93-01 

NH3      17     ....       7-17     ....       6-55     ....       7-16 

C24NH1S08    237     ....  100-00     ....     99-40     ....  100-17 

Easily  soluble  in  hot  water,  considerably  less  soluble  in  cold. 
A  strong  aqueous  solution  can  dissolve  more  hydropiperic  acid,  form- 
ing a  solution  from  which  water  precipitates  the  excess  of  acid,  and 
which  gives,  if  saturated,  an  almost  sohd  mass  of  hydropiperate  of 
ammonia,  on  the  addition  of  strong  aqueous  ammonia. 

Hydropiperate  of  Potash  with  excess  of  acid.  —  Obtained  by  boiling  a 
Bolution  of  hydropiperic  acid  in  nearly  absolute  alcohol,  with  dry  car- 
bonate of  potash.     CrystalUses  on  coohng  in  hemispherical  masses  of 


radiating  needles. 

Foster, 
(at  100°.) 

48  C  

288     . 

..     60-25     .. 

59-38 

23  H  

23     . 

..       4-81     .. 

5-11 

K 

39     . 

..       8-16     .. 

8-59 

16  O  

128     . 

..     26-78     .. 

26-92 

C48H23K016     

478     . 

..  100-00     .. 

10000 

Decomposed  into  neutral  hydropiperate  of  potash  and  hydropi- 
peric acid,  completely  by  solution  in  water,  partially  by  solution  in 
alcohol. 

Hydropiperate  of  Baryta. — Crj^stallises  from  boiling  water  in  small 
bunches  of  needle-shaped  crystals.  The  formula  C^^fl^BaO*  requires 
23*8  p.  c.  barium  j  Foster  found  23*2  p.  c. 
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Hydropiperate  of  Lime,  —  Prepared  by  boiling  the  acid  with  milk  of 
lime,  filtering  hot,  and  separating  the  excess  of  Hme  by  carbonic  acid ; 
or  by  precipitating  a  rather  strong  solution  of  the  ammonia-salt  with 
chloride  of  calcium.  Purified  by  crystaUisation  from  a  mixture  of 
2  parts  water  and  1  pt.  alcohol.  Small  needle-shaped  crystals.  Slightly 
soluble  in  cold  water,  more  soluble  in  hot  water,  but  partially  decom- 
posed by  it.  The  crystals  contain  water,  which  they  lose  at  100''. 
The  formula  C^H"CaO^  requires  8-37  p.  c.  calcium ;  Foster  found  8*35 
and  8-30  p.  c. 

Hydropiperate  of  Silver.  —  Crystalline  precipitate,  almost  insoluble  in 
cold  water ;  easily  altered  by  exposure  to  light,  or  by  solution  in  hot 
water.  The  formula  C^*II"AgO^  requires  33*03  p.  c.  silver ;  Foster 
found  33-58  p.  c. 

The  hydropiperates  of  the  other  heavy  metallic  oxides  are  mostly 
precipitates  insoluble  in  cold  water. 

Hydropiperic  acid  dissolves  hi  all  proportions  in  alcohol,  and  is  very 
soluble  in  ether. 


Hydropiperate  of  Ethyl. 

Formation  and  Preparation.  By  heating  a  solution  of  hydropiperic 
acid  in  absolute  alcohol  saturated  with  hydi'ochloric  acid  for  4  or  5 
hours  to  130°  in  a  sealed  tube.  Purified  by  solution  in  ether  and  treat- 
ment with  animal  charcoal.  Brownish  yellow,  neutral  liquid; 
heavier  than,  and  insoluble  in,  water.  Not  altered  by  dilute  aqueous 
potash  or  ammonia.  Decomposed  by  gaseous  ammonia,  probably  with 
formation  of  hydropiperamide.     (Foster.)       ^. 


Appendix  to  "Vol.  x.,  p.  446. 

Piperidine. 

Wertheim.     Ann.  Pharm.  70,  58. 

Anderson.     Ann.  Pharm.  75,  82 ;  Compt.  rend.  31,   126 ;  Ann.  Pharm, 

84,  345 ;  Compt.  rend.  34,  564  ;  Lieh.  Kopp's  Jahresher.  1852,  545. 
Cahours.     Compt.  rend.  34,  481 ;  Imtit.  1852,  98  ;  J.  pr.  Chem.  56,  203 ; 

Ann.  Pharm.   84,  342;  Chem.   Gaz.  1852,    167.      In  full:  N.  Ann, 

Chim.  Phys.  38,  76 ;  abstr.  Lieh.  Kopp's  Jahresher.  1852,  546. 
Von  Babo  &  Keller.     J.  pr.  Chem.  72,  53 ;  abstr.  Chem.  Centr.  1858, 

241 ;  Chem.  Gaz.  1858,  7  ;  Kopp's  Jahresher.  1857,  413. 

The  production  of  a  volatile  base  by  heating  piperine  with  soda- 
lime  was  first  noticed  by  Wertheim  and  Rochleder,  who  at  first  mistook 
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it  for  anline  (Ann.  Pharm.  54,  255) ;  afterwards  for  picoline  (ihkl.  70, 
58). — Anderson  and  Cahours  obtained  the  same  base  independently  of 
each  other,  and  recognised  its  separate  identity :  its  chemical  relations 
were  investigated  chiefly  by  Cahours. 

The  greater  part  of  the  results  obtained  by  Anderson  and  Cahours 
have  already  been  detailed  (x.  446).  We  here  give  the  remainder, 
together  with  those  of  Wertheim  and  of  v.  Babo  &  Keller. 

According  to  Wertheim's  latest  statements  {Gerh.  Traite\  4,  98),  the 
volatile  base  obtained  by  heating  piperine  with  potash-lime  is 
(ji2]y^jju  inasmuch  as  he  found  in  its  platinum-salt,  23-11— 23*86  C, 
4-71-4-54  H  and  32-49  Ft  (calc.  C^=^NH",HCl,PtCP=23-56  C,  4-58  H, 
and  32-41  Ft.) 

Formation  and  Preparation.  Piperine  is  decomposed,  as  directed  at 
page  8,  by  boiling  with  alcohohc  potash,  into  piperidine  and  piperate 
of  potash,  and  the  mother-liquor  separated  from  the  crystals  of  that 
salt  is  distilled  into  a  receiver  containing  hydrochloric  acid,  whereby 
hydrochlorate  of  piperidine  is  obtained,     (y.  Babo  &  Keller.) 

Piperidine  forms  with  chlorine  or  bromine,  an  oily  product,  not  pos- 
sessing basic  properties.      (For  the  other  reactions,  see  x,  447.) 

Chloro-aurate  of  Piperidine.  —  Hydrochlorate  of  piperidine  forms,  with 
terchloride  of  gold,  small  needles  of  a  fine  yellow  colour.     (Cahours.) 

Piperidine  with  Protochloride  of  Platinum. — Protochloride  of  platinum 
acts  violently  on  piperidine,  forming  the  compoimd  C^°NH",FtCl. 
The  solution  of  this  salt  in  a  large  quantity  of  boiling  water,  deposits, 
on  evaporation,  the  piperidine -compound  corresponding  to  Magnus's 
green  ammonio-protochloride  of  platinum.  (WiUiams,  Chem.  Gaz. 
1858,  346;  J.  pr  Chem.  76,  251.) 

Chloroplatinate  of  Piperidine.  —  (C^'*NH",E[Cl,PtCP,  according  to 
Cahours  (x,  449) ;  C^NH^^^  HCl,  FtCP,  according  to  Wertheim  (p.  14). 
This  last  formula  is  very  doubtful. 

Piperate  of  Piperidine. — Obtained  by  dissolving  piperic  acid  in 
aqueous  piperidine,  as  a  crystalline  pulp,  and  on  dilution,  in  colourless 
laminee,  having  a  silky  lustre.  In  contact  with  the  air  or  with  oil  of 
vitriol,  it  turns  yellow  from  loss  of  piperidine.  Melts  at  100°  without 
further  alteration,  and  when  strongly  heated,  gives  off  piperidine  and 
decomposes.  When  heated  for  some  time  to  150°,  it  becomes  partially 
insoluble  in  water,  but  if  then  dissolved  in  an  alkali,  yields  unaltered 
piperic  acid  when  decomposed  by  acids.  With  pentachloride  of  phos- 
phorus, it  behaves  like  pipeiic  acid.  Contains  26-75  per  cent,  piperi- 
dine. (v.  Babo  &  Keller.)     Calc.  28-05  per  cent. 


Dried  over  oil  of  vitriol. 

V.  Babo  &  Keller. 

34  C 204     .... 

67-32 

66-11 

N 14     .... 

4-62 

21  H 21     .... 

6-93 

7-29 

8  0 64     .... 

21-13 

C24HWO8,Ci0NHii 303     .... 

100-00 

It  had  lost  a  portion  of  its  piperidine.     (v.  Babo  &  Keller.) 

Piperidine   coagulates  white  of  egg  after   a  quarter   of  an  hour. 
(Wertheim.) 


i 


PIPERIDINE-UREA.  15 

Conjugated  Compounds  of  Piperidine. 

Piperidine  with  Sulphide  of  Carbon  C^N^H^'S*. 

Piperyl-sulfocarbonate  de  piperidine.  (Gerhardt,  2>ai7e  4,  105.)  Sulfocarbonyl- 
Pipiperyl-Sulfbiaminsdure.     (Weltzien  Syst.  23.) 

This  compound,  discovered  by  Cahours  (x.  448),  is  obtained  by 
carefully  dropping  sulphide  of  carbon  into  piperidine,  and  crystallising 
the  product  from  alcohol.  It  forms  slender  needles  belonging  to  the 
oblique  prismatic  system.  (Fig.  100.)  Rhombic  prism  u,  having  the 
oblique  terminal  face  i,  resting  on  its  obtuse  lateral  edge.  The  obtuse 
edges  formed  by  i  and  u  are  truncated  by  the  octahedral  faces  a  ; 
u-.um  front  =  116°  4 ;  on  the  side  =  63°  56 ;  i '.  u  above  a  =  96°  52' ; 
a,  lu  =  141°  6';  a,  :  i  =  135°  46,  calculated.  (De  Senarmont,  N.-4wn. 
Chim.  Phys.  34,  89.) 

Gerhardt  assigned  to  it  the  formula — 

AouiSM  r  S^   =  piperyl)  sulphocarbonate  of  piperylammonium. 


Piperidine-urea. 

C^N^H^'O'  =  C^°CyAdH«,H'0». 

Cahours.  N.  Ann.  Chim,  Phys,  38,  84. 

Piperyl'urea,  Uree  piperidigue. 

Formation.  1.  From  cyanic  acid  vapour  and  piperidine. — 2.  From 
dissolved  sulphate  of  piperidine  and  cyanate  of  potash. — 3.  From 
moist  chloride  of  cyanogen  and  piperidine. 

Preparation.  A  mixture  of  the  solutions  of  sulphate  of  piperidine 
and  cyanate  of  potash,  in  equivalent  proportions,  is  boiled  down  to 
dryness,  and  the  residue  is  exhausted  with  strong  alcohol.  The  alcohohc 
solution  left  to  evaporate  freely,  yields  crystals  of  the  compound  urea. 

Properties.     Long  white  needles. 

Cahours. 
12  C 72     ....     56-25     56-32 

2N 28     ....     21-87     2205 

12  H 12     ....       9-37     9-41 

2  0 16     ....     12-51     12  22 

C22N2Hi-^02  128     ....  100-00     lOO'OO 

May  be  regarded  as  carbamide  in  which  1  At.  H  in  replaced  by  piperyl, — 


=  N2.H3.Ci"H9.(C202)' 
Soluble  in  water  and  in  alcohol. 


16  APPENDIX  TO  VOL.  X.^  P.  445. 

Methyl-piperidine-urea. 

Cahours.  N.  Ann.  Chim.  Phys.  38,  85. 
Methyl-piperyl-  urea.     Methylur^e  pipSridique. 

Piperidine  becomes  intensely  hot  when  vapour  of  cyanate  of  methyl 
is  passed  into  it,  and  soUdifies  on  coohng.  The  mass  is  purified  by 
pressure  and  recrystaUisation  from  boihng  alcohol. 

Long  needles  having  a  strong  lustre. 

Fused.  Cahourf. 

14  C 84  ....  59-15  58-91 

2  N 28  ....  19-71  19-52 

14  H 14  ....  9-86  10-04 

2  0 16  ....  11-28  11-53 

C14N2HM02  142     ....  100-00     100-00 

Carbamide  in  which  1  At.  H  is  replaced  by  methyl  and  another  by  piperyl,— 
N2.H2.C2H3.C^0H9.(C2O2)". 

Dissolves  easily  in  boiling  alcohol. 

Ethyl-piperidine-urea. 

C*Wff«0«  =  C^°(C*H«)CyAdH',H«0*. 

Cahours.    N.  Ann.  Chim.  Phys.  38,  86. 

Obtained  similarly  to  methyl-piperidine-urea,  by  the  action  of  cya- 
nate of  ethyl  on  piperidine.     Resembles  the  preceding. 

Cahours, 
mean. 

16  C 96     ....     61-54     61-54 

2  N 28     ....     17-94     18-13 

16  H 16     ....     10-26     10-22 

2  0 16     ....     10-26     10-11 

Ci6,N2Hi602  156     ....  100-00     lOG'OO 

Carbamide,  in  which  1  At.  H  is  replaced  by  ethyl  and  another  by  piperyl, — 
=  N2.HWHSCiom(C202)". 

Methyl-piperidme.  C'^^(C^W)W  mdEtbjl-piperidme.  C^"N(C*H«)H*^ 
(see  vol.  X,  pp.  449,  451.) 


BENZOPIPERIDE.  ^'^ 

Amyl-piperidine. 

Cahours.  iV.  Ann.  Chim.  Phys.  38,  95. 
J,      Mylepiperidine. 

^■'-  Piperidine  is  heated  with  iodide  of  amyl  in  the  water-bath  for 
several  days;  the  resulting  crystalline  mass  is  dissolved  in  a  small 
quantity  of  water,  and  distilled  with  lumps  of  caustic  potash.  The 
oily  distillate  is  dried  with  fused  hydrate  of  potash,  and  rectified. 

Colourless   oil,   boiUng  at  186°,  and  smelling  like  ammonia  and 
fusel-oil.     Vapour-density  =  5*477. 


20  C  

N 

21  H 

120     . 

. ...     14     . 
21     . 

...     77-41 
..       9-04 
...     13-55 

Cahours. 
....     77-54 
....       9-17 
....     13-03 

Vol. 
C-vapour       ....      20     .... 
N-gas            ....         1     .... 
H-gas            ....       21     .... 

Density. 

....       8-3200 

....       0-9706 

1-4553 

C20NH21 

155     . 

..  10000 

....  100-34 

Vapour  of  C^^NH^i  2     .... 
1      .... 

....     10-7459 
...       5-3729 

Less  soluble  in  water  than  methyl-  or  ethyl-piperidine. 
Forms  crystalhsable  salts  with  most  acids. 

Hydriodate  of  Amyl-piperidine. — Broad,  white,  shining  laminae. 


20  C 
N 

22  H 
I 


Cahours. 

120     .. 

..     42-55     . 

...     42-26 

14     .. 

..       4-96     . 

...       512 

22     . 

..       7-80     . 

...       7-74 

126     .. 

..     44-69 

C20NH2i,HI  282     ....  10000 

Chloroplatinate  of  Amyl-piperidine. — Bichloride  of  platinum  separates, 
from  the  warm  solution  of  hydrochlorate  of  amyl-piperidine,  dark 
orange-yellow  oil-drops,  which,  after  a  few  hours,  solidify  in  the 
crystalline  form.  From  solution  in  moderately  warm  dilute  alcohol, 
the  compound  crystalhses  in  very  hard  prisms  of  a  fine  orange-red 
colour. 

Cahours. 

20  C    120-0     ....     33-28     33-13 

N    140     ....       3-87 

22  H   22-0     ....       6-10     623 

3  CI  106-5     ....     29-54 

Pt  98-0     ....     27-21     27-39 

C20NH2i,HCl,PtC12....  360-5     ....  100-00 


Benzopiperide. 


Cahours.     N.  Ann.  Chim  Phys.  38,  88. 

VOL.    XV. 


18  PRIMAKY  NUCLEUS   C^^Hi^ :    OXYGEN-NUCLEUS  Cs^H^O^ 

By  treating  piperidine  with  chloride  of  benzoyl,  a  heavy  oil  is 
obtained  which,  when  treated  with  acidulated  water,  yields  hydro- 
chlorate  of  piperidine,  while  benzoyl-piperide  remains  undissolved,  and 
quickly  sohdifies;  it  is  purified  by  recrystalUsation  from  alcohol. — 
Beautiful  colourless  prisms. 


Cahours. 

mean. 

24  C. 

...  144     . 

...     76-19     .. 

75-91 

N.. 

...     14     . 

...       7-41     .. 

7-57 

15  H.. 

...     15     . 

...       7-94     .. 

8-11 

2  0.. 

...     16     . 

...       8-46     .. 

8-41 

C24NH1502 

...  189     . 

..  100-00     .. 

....  100-00 

Cumylpiperide. 

C^^'NH^O*  =  C^»NH«(C20H"0^),H«? 

Cahours.  iV.  Ann.  Chim.  Phys.  38,  88. 

Obtained  like  the  preceding,  by  the  action  of  chloride  of  cumyl  on 
piperidine. — Beautiful  tabular  crystals. 

Cahours. 

30  C 180  ....  77-92  78-05 

N 14  ....   6-06 

21  H 21  ....   9-09  9-18 

2  0 16  ....   6-93 

C30H21NO2 231     ....  100-00 


Conjugated  Compounds  of  Pipenc  Acid. 

Piperine. 

C3*NH"0«. 

Oersted  (1819).     Schw.  29,  80  ;  J.  Phys.  90,  173. 

Pelletier.     Ann.   Chim.  Phys.   16,    344;    Schw.  32,  435;    Ann.  Chim. 

Phys.  61,  199 ;  Schw.  67,  93  ;  Ann.  Pharm.  6,  33. 
Merck.     N.  Tr.  20,  1,  34. 
Wackenroder.     Br.  Arch.  37,  349. 
DuFLOS.     Schw.  61,  220. 

Varrentrapp  &  Will.     Ann.  Pharm.  39,  283. 
Th.  Wertheim.  Ann.  Pharm.  70,  58  ;  Pharm.   Centr.  1849,   520;  N'.  J, 

Pharm.   17,   65;    Compt.   Chim.  1849,   375;    Lieh.  Kopp.  Jahresher. 

1849,  378. 
Gerhardt.     Compt.    Chim.  1849,    375 ;    Lieh.    Kopp.  Jahresher.   1849, 

379  ;  Pev.  Scient.  10,  201  ;  JST.  Ann.  Chim.  Phys.  7,  253. 
Anderson.     Ann.  Pharm.  75,  82  ;    Co7npt.  rend.  31,  136 ;  Ann.  Pharm. 

84,  345 ;  Lieb.  Kopp.  Jahresher.  1852,  545. 


PIPERINE.  19 

Cahours.     Compt.  rend.  34,  481;   J.  pr.   Chem.  56,  203;   Ann.  Pharm. 

84,342;  Chem.   Gaz.   1852,  167.  — In  detail :  N.Ann.  Chim.  Phys. 

38,  76. 
Stenhouse.     Ann.  Pharm.  95,  106. 
Y.  Babo   &   E.  Keller.     Dissert,  von  E.  Keller^  Freiburg,   1856,  16 ; 

J.  pr.  Chem.  12^  53  ;  abstr.   Chem.   Centr.  1858,  541 ;   Chem.    Gaz, 

1858,  7  ;  Kopjfs  Jahresber.  1857,  413. 
A.  Strecker.     Ann.  Pharm.  105,  317;  J.  pr.   Chem.  74,   191;  Kopp^s 
Jahresber.  1857,  415. 

Discovered  by  Oersted  in  1819. 

Source.  In  black  and  long  pepper. — In  black  pepper  from  Western 
Africa,  Cubeba  Clusii,  which  does  not  contain  any  cubebin.  (Sten- 
house.) 

Preparation.  1.  Coarsely  pulverised  pepper  is  exhausted  with  cold 
water;  the  residual  powder  repeatedly  digested  with  alcohol  of  80 
j)er  cent. ;  the  alcohol  distilled  off  from  the  tinctures  ;  the  residue  eva- 
porated to  an  extract,  and  this  extract,  after  standing  for  several 
days,  washed  with  cold  water.  The  undissolved  residue  is  then  dis- 
solved in  alcohol ;  a  quantity  of  hydrate  of  lime  is  added,  equal  to  j\  of 
tlie  pepper  used ;  and  the  liquid,  filtered  after  a  day's  digestion,  is 
left  to  crystallise.  The  resulting  crystals,  if  impure,  may  be  purified 
l)y  trituration,  washing  with  ether,  and  recrystallisation  from  al- 
cohol, with  help  of  animal  charcoal.     (Wittstein.)  —  Vogel  (Br.  Arch.  26, 

294)  first  recommended  the  washing  of  the  pepper  with  water ;  Pfeil  {Mag.  Pharm. 
13,  56)  and  Hoff  {Repert.  25,  400)  the  use  of  hydrate  of  lime.  Henkenius  {Mag. 
Pharm.  13,  59)  proceeds  in  a  similar  manner.  The  pipeline  thus  obtained  amounts  to 
2 '4  p.  c.  of  the  pepper. 

2.  White  pepper  is  exhausted  with  alcohol  of  sp.  gr.  0*833 ;  the 
tincture  is  distilled  to  an  extract ;  and  this  extract  is  mixed  with  potash- 
Icy,  which  dissolves  the  resin  and  leaves  a  green  powder.  The  latter 
is  washed  with  water,  dissolved  in  alcohol  of  sp.  gr.  0*833  and  crys- 
talUsed.  By  repeated  crystallisation  the  piperine  is  obtained  colour- 
less. (Pontet,  /.  Chim.  Med.  1,  531 ;  Berzel.  Lehrb.  3  Aufl.  7,  577.)— 
This  method  is  preferred  by  Pelletier  and  Berzelius.  See  also  Buchner 
{Repert.  22,  270);  Carpenter,  Sill.  Am.  J.  13,  334;  Meli  {Brugn.  Giorn. 
17,  76).  —  Stenhouse  dissolves  the  extract  of  cubebs,  prepared  with 
wood-spirit,  in  alcohol,  and  mixes  it  with  strong  potash-ley,  whereupon 
a  brown  oil  separates,  which  yields  crystals  on  standing.  The  mother- 
liquor,  if  again  mixed  with  alcohol,  yields  another  portion  of  oil,  which 
likewise  deposits  crystals  on  standing.  These  crystals  are  purified  by 
pressure  and  recrystallisation. 

3.  Winckler  distils  the  alcohol  from  the  alcoholic  tincture  of  long 
pepper  ;  dissolves  the  residue  in  the  required  quantity  of  hot  alcohol ; 
precipitates  the  solution  with  basic  acetate  of  lead  ;  mixes  the  filtrate 
while  warm  with  as  much  sulphuric  acid  as  is  necessary  to  precipitate 
the  lead ;  filters  while  warm ;  distils  the  alcohol  from  the  filtrate  ;  ex- 
hausts the  residue  with  water ;  and  dissolves  the  undissolved  portion 
in  hot  alcohol,  whereupon  piperine  crystallises  on  coohng.  {Mag. 
Pharm.  18,  153.) 

Impm-e  piperine  may  be  purified  by  washing  with  absolute  alcohol, 
or  better  with  weak  potash-ley.     (Henry  &  PUsson.) 

c  2 


20  PRIMARY  NUCLEUS   CS^H"  :    OXYGEN-NUCLEUS   C^niioQi. 

Properties.  Colourless,  vitreous,  flattened,  four-sided,  obliquely 
truncated  prisms.  (Pelletier.)  Rhombic  prisms,  with  lateral  angles 
of  95  and  85°.  (Gmelin.)  Oblique  rhombic  prisms,  with  angles  of 
92°  45'  and  87°  15'.  The  terminal  face  is  obliquely  set  on  the  obtuse 
lateral  edge,  with  angles  of  106^  30'  and  73°  30'.  (Wackenroder.)  Rhom- 
boidal  prisms,  with  angles  of  85°  40'  and  94°  20'.  (Regnault.)  —  Kopp 
{Einleitung  in  die  Krystallographie,  s.  312,)  describes  rhombic  prisms  of 
84°  30',  the  acutely  set  terminal  face  making  an  angle  of  75°  50'  with 
the  prism.  —  Rhombic  prism,  having  its  base  set  obhquely  upon  the 
obtuse  lateral  edge ;  the  acute  lateral  edges  often  truncated.  Fig.  85, 
without  a  and  /;  m  :  w  =  84°  42  ;  i :  u  (behind)  =  75° 30'  32".  (Dauber, 
Ann,  Pharm.  74,  204.)  —  Crystals  belonging  to  the  oblique  prismatic 
system.  Fig.  87  without  a.  Rhombic  prism,  m  :  w  (in  front) =95°  22' ; 
on  the  edge  truncated  by  t,  therefore,  u  :  u  =  84°  38' ;  u  :  h  :  =  120°  42' ; 
u  behind,  75°  45',  in  front  104°  15'.  i:h  =  135°  3';  h  :  h  =  121°  13'.  It 
is  only  in  very  small  crystals  that  the  angles  of  the  rhombic  prisms 
can  be  measured.  In  larger  crystals  the  faces  are  curved,  and  the 
edges  imperfectly  developed.  'The  octahedral  faces  h  were  developed 
only  in  one  of  the  crystals  examined.  Haidinger  states,  however, 
that  truncations  of  the  combination-edge  i :  u  above  and  in  front  by 
the  other  half  of  the  octahedron  (Fig.  100,  a)  Hkewise  occur.  —  The 
crystals' have  an  imperfectly  vitreous,  sometimes  fatty,  lustre.  Colour 
of  the  crystals  examined,  greenish  yellow,  or  lemon-yellow.  Trans- 
parent to  semi-transparent ;  trichromatic.  With  the  dichroscopic  lens, 
the  following  tints  are  observed :  Perpendicular  to  i  :  nearly  colourless, 
brightest  tint ;  colour  of  the  axis  b  which  unites  the  faces  t :  yellow, 
comparatively  light ;  that  of  the  axis  a  (parallel  to  i)  :  yellow,  compa- 
tively  dark.     (Schabus,  Bestimmung  d.  Krystallgest.  p.  177.) 

Piperine  melts  at  about  100°  (Pelletier);  at  110°  or  above  (Wack- 
enroder) to  a  pale  yellow  limpid  oil,  which  solidifies  on  cooling  to  a  pale 
yellow,  transparent,  strongly  refracting  resin  (Gmehn,  Wackenroder). 
Sp.  gr,  of  fused  piperine  1-1931  at  18°.  (Wackenroder.)  Nearly  taste- 
less by  itself  (Vogel),  but  has  a  sharp  peppery  taste  when  dissolved 
in  alcohol.  Impure  piperine  has  a  sharp  taste,  even  by  itself.  It  has 
no  alkahne  reaction.  (Pelletier.)  Its  solution  does  not  deflect  the 
plane  of  polarisation  of  light.   (Bouchardat,  iV'.  Ann.  Chim.  Phys.  9,  227.) 

Liebig.         Pelletier.      Regnault. 


mean. 

34 

C 



.  204     . 

...     71-58     

..     69-78     .. 

.     69-47     .... 

71-19 

N 

.     14     . 

...       4-91     

..       4-09     .. 

.       4-51     .... 

4-94 

19 

H 

.     19     . 

...       G'67     

..       6-69     .. 

.       6-80     .... 

6-78 

6 

O 

.     48     . 

...     16-84     

..     19-44     . 

19-22     .... 

17-09 

C34NH1906    .. 

.  285     . 

..  100-00     

..  100-00     .. 

.  100-00     .... 

100-00 

Gerhardt. 

Laurent. 

Stenhouse. 

mean. 

mean. 

C 

.. .     71-52 

...     71-66     . 

71-72 

4-76 

N  , 

...       4-81     .... 

H  . 

...       6-68     .... 

...       6-66     . 

6-66 

O  . 

....     16-99     .... 

16-86 

100-00  100-00 

Will  &  Varrentrapp  found  4-56  p.  c.  N. 
Regnault  {Ann.  Chim.  Phys.  68,  158)   first  gave  the  correct  formula,   which  wae 


I'lFEraNt:.  j^l 

corroborated  by  Laurent  (Ann.  Chim.  Phys.  19,  363),  and  finally  settled  by  Strecker's 
invest  gation.  Older  formula  :  C^ONRS-iOS  (Pelletier)  ;  C-*"iNH2--^OS  (Liebig.  Ann. 
Pharm.  6,  36);  C^ON^H'^Qi-^  (Gerhardt) ;  C^^N-H^sOi^  ( Wertheim) ;  C^ON'^H^^'Ois 
(v.  Babo  &  Keller).     Compare  also  O.  Hesiry  &  Plisson  (/.  Pharm.  17,  4  19). 

Decompositions.  1.  Piperiiie  blackens  by  chy  distillation,  and  yields 
a  brown  empyreumatic  oil,  from  which  carjjonate  of  ammonia  crystal- 
lises. (Gmelin.)  —  2.  Heated  in  a  platinum  spoon,  it  melts  like  wax, 
takes  fire  at  a  stronger  heat,  and  leaves  an  easily  combustible  charcoal. 
(Merck.)  —  3.  Piperine  suspended  in  acidulated  water  and  exposed  to 
the  action  of  the  electric  current,  is  violently  attacked,  as  also  by 
hot  concentrated  nitric  acid.  (Hlasiwetz  &  Rochleder,  Wien.  Akad. 
Ber.  5,  447.)  —  4.  It  is  coloured  blood-red  by  oil  of  vitriol,  loses  this 
colour  on  addition  of  water,  and,  if  the  action  of  the  oil  of  vitriol  has 
not  been  continued  for  a  very  long  time,  does  not  appear  to  be  sensibly 
altered.  (Pelletier.)  Oil  of  vitriol  dissolves  part  of  the  piperine  with  the  same 
colour,  and  water  precipitates  it  in  flocks.  (Dulong,  J.  Pharm.  11,  52.)  The  solu- 
tion becomes  black  on  standing.  (Wackenroder.)  See  also  Duflos  {Schw.  61,220.) 
This  solution  in  oil  of  vitriol,  on  being  mixed  with  bichromate  of  potash,  gives  off 
gases,  and  assumes  a  brownish  green  colour,  finally  changing  to  dirty  green ;  peroxide 
of  lead  colours  it  dirty  brown-red,  and  ultimately  black.  (Riegel  N.  Br.  Arch.  58, 
293).  Compare  also  Eboli  {N.  Br.  Arch.  85,  186.)  —  5.  ^rowme  converts  pipe- 
rine into  a  peculiar,  non-crystalline  product.  (Gerhardt.) —  6.  Iodine  acts 
upon  it  only  when  the  two  are  fused  together,  forming  a  dark  black- 
brown  mass,  which  hardens  on  cooling.  (Wackenroder.)  —  7.  Nitric 
acid  colours  piperine  greenish  yellow,  orange,  and  then  red  ;  dissolves 
it  with  a  yellow  colour,  the  solution  yielding  dirty  yellow  flakes  when 
mixed  with  water,  and,  on  further  action,  produces  oxalic  acid,  together 
with  a  yellow  artificial  bitter.  (Pelletier,  Oersted,  Wackenroder.) 
Strong  nitric  acid  forms  an  orange-red  resin,  which  partly  dissolves 
with  deepening  colour  when  heated.  The  solution  no  longer  yields 
piperine  when  treated  with  water  or  alkahs.  (Duflos.)  The  brown 
resin  which  is  produced  from  piperine  by  nitric  acid,  with  violent 
action,  evolution  of  nitrous  acid,  and  the  odour  of  bitter  almond-oil, 
assumes  a  splendid  blood-red  colour  when  treated  with  hydrate  of 
potash,  and  when  boiled  therewith,  yields  a  distillate  of  piperidine. 
(Anderson.)  Von  Babo  &  Keller,  by  treating  piperine  with  nitrous 
acid,  and  subsequently  distilling  it  with  potash -ley,  obtained  volatile 
needles  which  had  the  odour  of  cumarin,  melted  in  boiling  water, 
dissolved  in  alcohol  and  ether,  and,  after  fusion  with  hydrate  of 
potash,  gave  the  reaction  of  salicylic  acid  with  sesquichloride  of  iron. 

8.  By  boiling  with  alcoholic  potash,  piperine  is  converted  into 
piperidine  and  piperate  of  potash,  (v.  Babo  &  Keller).  C^*NH^^O" 
-hKO,HO=C'*KirO«-HC^°NH^^  (Strecker,  Ann.  Pharm.  105,  317.) 
When  heated  with  potash-lime  it  yields  a  volatile  base  (Wertheim,  see 
page  13 ;  also  x.  446)  piperidine.  (Cahours.)  The  distillate  contains 
water,  two  volatile  bases,  the  piperidine  constituting  the  chief  portion, 
and  traces  of  aneutral  body  having  an  aromatic  odour  like  that  of  benzoin. 
(Cahours.)  If  the  mixture  is  heated  in  the  oil-bath,  not  above  160°,  no 
ammonia  is  produced,  and  there  remains  a  brown  mass,  which  hardens 
on  cooling.  If  this  be  pulverised,  washed  successively  with  cold  water 
and  alcohol  to  remove  hydrate  of  potash  and  undecomposed  piperine,  then 
repeatedly  digested  with  hot  dilute  hydrochloric  acid,  and  the  result- 
ing resinous  cake  dissolved  in  alcohol,  water  separates  from  the  solu- 
tion, yellow  flocks,  which,  after  dying  in  vacuo,  contain  on  the  average 
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78-36  p.  c.  C,  6-96  H.,  4-08  N.,  and  15-10  0.,  which  Wertheim  repre- 
sents by  the  formula  C^^^N^H^'O"^".  When  piperine  is  heated  with  soda- 
lime  to  a  temperature  above  200°,  a  larger  quantity  of  piperidine  is 
obtained,  together  with  ammonia,  and  the  residue  if  supersaturated 
with  hydrochloric  acid,  deposits  yellow  flocks  containing  71-41  p.  c.  C, 
5-P5  H.,  and  22*94  0.,  according  to  Wertheim  =  C^H^^O".  Piperine 
heated  with  hydrate  of  potash,  melts,  gives  off  a  sharp  odour  of  pepper, 
and  yields  a  milky  aqueous  distillate.  When  more  strongly  heated, 
it  gives  off  hydrogen  gas  with  intumescence,  and  finally  ammonia. 
(Gerhardt.)  —  9.  Heated  with  bichromate  of  potash  and  dilute  sulphuric 
acid,  it  gives  off  a  large  quantity  of  carbonic  acid,  and  yields  a  slightly 
acid  aqueous  distillate  which  reduces  nitrate  of  silver.  The  residue  smells 
like  bitter  almonds,  and  when  evaporated  to  dryness  and  exhausted, 
first  with  alcohol,  then  with  water,  leaves  a  greenish  amorphous 
extract.  (Gerhardt.) — 10.  Permanganate  of  potash  added  to  a  solution 
of  piperine  mixed  with  sulphuric  acid,  colours  it  green  after  a  few 
hours.     (Duflos.) 

Combinations.  Piperine  is  insoluble  or  very  sparingly  soluble  in  cold 
watei;  slightly  in  hot  water,  whence  it  is  deposited  on  coohng.  (Pel- 
letier.  Oersted.) 

It  is  not  perceptibly  soluble  in  aqueous  mineral  acids ;  neither  does 
it  combine  with  them.     (Pelletier,  Dulong,  Regnault.) 

Piperine  combines  with  iodine,  forming  shining-,  bluish  black  needles, 
soluble  in  alcohol,  and  containing  C^N^H^O^^l^  (see  Weltzien,  Syst, 
Zusammenst.  562.) 

With  Hydrochloric  acid.  Fuming  hydrochloric  acid  colours  piperine 
deep  yellow,  itself  acquiring  the  same  colour  by  contact  with  it.  (Pel- 
letier, Dulong.)  The  solution  of  piperine  in  alcoholic  hydrochloric  acid 
leaves,  when  evaporated  in  vacuo,  a  residue  free  from  hydrochloric 
acid.  (Regnault.)  When  dry  hydrochloric  acid  is  passed  over  air- 
dried  piperine,  ultimately  heated  to  fusion,  the  mass  acquires  a  lemon- 
yellow  colour,  changing  to  light  brown,  and  takes  up  13-05  to  13*74  p.  c. 
HCl,  without  separation  of  water.  (C^^NH^^O^,  HCl  =  12-63  p.  c.  HCl.) 
The  transparent  mass  sohdifies  in  the  crystalline  form  on  cooling,  is 
decomposed  by  water  into  piperine  and  aqueous  hydrocliloric  acid,  and 
dissolves  in  alcohol.     (Varrentrapp  &  Will.) 

From  solution  in  perchloric  acid,  piperine  crystallises  out  unaltered 
by  spontaneous  evaporation.     (J.  Bodecker,  Ann.  Pharm.  71,  63.) 

Piperine  does  not  dissolve  in  aqueous  ammonia  or  in  the  fixed  alkalis, 
(Merck.) 

Phosphomolybdic  acid  colours  piperine  brown-yellow,  and  precipi- 
tates it  in  flocks.  (Sonnenschein,^4n/i.  Pharm.  104,  45.)  Piperine  hke- 
wise  forms  a  yellow  precipitate  with  a  very  dilute  solution  of  phosphan- 
timonic  acid  (the  acid  mixture  obtained  by  dropping  pentachloride  of 
antimony  into  aqueous  phosphoric  acid.)  (Schultze,  Ann. Pharm.  109, 179.) 

Piperine  ivith  Chloride  of  Cadmium. — Straw-yellow  needles  containing 
C««NU13«0^2IICl,9CdCl  +  6HO.  (Galletly,  N.  Edinb.  Phil.  J.  4,  94; 
Chem.  Centr.  1856,  606.) 

AVith  a  very  dilute  solution  of  potassio -mercuric  iodide,  piperine 
forms  a  yellowish  white,  permanently  amorphous  precipitate.  (Delffs 
N.  Jahrb.  Pharm.  2,  31.) 

Chloromercurate  of  Piperine  is  obtained  by  mixing  a  solution  of  1  pt. 
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piperine  in  strong  alcohol  acidulated  with  hydrochloric  acid,  with  an 
alcoholic  solution  of  2  pts.  mercuric  chloride,  collecting  the  crystals 
after  three  days,  and  washing  them  with  alcohol.  Yellow,  shining, 
transparent  crystals  which  become  darker  by  exposure  to  the  air,  or 
at  the  heat  of  the  water-bath.  They  belong  to  the  doubly  oblique 
prismatic  system.  The  crystals  consist  of  three  hexaid  faces  y^  z,  u 
{Jig.  m),  the  edge  between  y  and  m,  to  the  right  above,  being  truncated 
by  a  dodecaid  face  g  ;  the  edge  between  u  and  z,  to  the  left  in  front, 
truncated  by  three  dodecaid  faces  v,  v^,  v^  (in  the  figure  v  and  v^  would 
come  between  v  and  z) ;  the  edge  between  z  and  u  truncated  by  a 
dodecaid  face  w  ;  the  edge  between  z  and  y,  to  the  front  above,  trun- 
cated by  a  decaid  face  t ;  the  edge  between  y  and  z,  to  the  front 
below,  truncated  by  a  dodecaid  face  i ;  and  the  summit  between  w,  v, 
^,  to  the  right  above,  truncated  by  an  octaid  face  o. — z  :  u  =  102°  51 ; 
z:w=  IW  35  ;  w:uz=z  138°  16'  (by  calculation)  =  138°  18'  (by  obser- 
vation) ;  3/  :  w  =  119°  9' ;  ^  :  v  =  133°  31' ;  u  (left)  :  v  =  123°  37' ; 
y  :v  =  106°  51' ;  w  :  vover  z  =  9S°  6' ;  z  :  v  =  169°  58'  (calculated) 
=  170°  8'  (^observed);  u  (left)  :  v^  =  87°  10'  (calculated)  =  87°  4' 
(observed);  y  :  v'  =  120°  4';  v:  v^  =  143°  33' ;  ^  :  v^  =  178°  28'; 
u  (left) ;  v^  =  101°  20^;  y  :u  over  g  =  102°  24' ;  g  :y  =  147°  35' ; 
g:u  =  134°  49';  g  :  z  =  120°  18'  (calculated)  =  120°  20'  (ob- 
served); y:c=  121°  46';  t'  :  z  =  111°  52';  t'  :  u  =  91°  22';  t'  :  y  = 
126°  21';  t:y  =  123°  51';  o  :  2r  (behind)  =  98°  17'  (calculated)  = 
98°  15'  (observed) ;  o  :u=  130°  19' ;  o:y  =  125°  59' ;  o  :  v  behind 
=  125°  75' ;  o:w  =  141°  25';  o  :  t'  =  141°  3'.  The  faces  v'  and  v^ 
occur  but  rarely.  The  crystals  are  short  prisms  in  the  direction  of 
z  and  u.  They  are  plane  and  smooth  faced,  u  only  being  sometimes 
curved.  Lustre  vitreous,  somewhat  fatty  and  adamantine.  Transpa- 
rent to  semi-transparent.  Slightly  trichromatic.  Powder  lemon-yellow. 
(Schabus,  Bestimmung,  p.  198.) 

Insoluble  in  water,  sparingly  soluble  in  strong  hydrochloric  acid  and 
in  cold  alcohol,  more  easily  in  hot  alcohol.  (Hinterberger,  Wien.  Akad, 
Ber.  6,  114 ;  Ann.  Pharm.  77,  204  ;  J.  pr.  Chem.  53,  246). 


68  C 408-0 

2  N 28-0 

39  H    390 

12  O    96-0 

2  Hg 2000 

3  CI   106-5 


Hi 

nterberger. 
mean. 

46-49 

46-75 

3-19 

4-44     , 

4-49 

10-94 

22-79     . 

22-35 

12-15 

2C34NHiaO«,HCl,2HgCl....  8:75     ....  10000 

According  to  Hinterberger  it  is  C70N2H370»o,HCl,2HgCi  +  2HO. 

When  an  alcoholic  solution  of  hydrochlorate  of  piperine  mixed  with  alcoholic 
cyanide  of  mercury  is  left  to  evaporate  in  the  air,  a  reddish  yellow  resin  is  obtained, 
together  with  free  piperine. 

Chloroplatinate  of  Piperine. — First  observed  by  Varrentrapp&  Will.— A  con- 
centrated alcoholic  solution  of  piperine  is  mixed  with  concentrated 
alcoholic  bichloride  of  platinum  and  fuming  hydrochloric  acid,  the 
mixture  is  left  to  evaporate,  and  the  resulting  crystals  are  washed 
with  strong  alcohol.  Large  aurora-red  crystals  belonging  to  the 
oblique  prismatic  system.  Taste  sharp  and  burning.  Unalterable  at 
100°,  melts  somewhat  above  100°,  and  decomposes  with  strong  tume- 
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faction  (Wertheim.)  Dissolves  very  sparingly  in  water,  being  resolved 
at  the  same  time  into  hydrochloric  acid  and  piperine  [and  bichloride  of 
platinum].  (Varrentrapp  &  Will ;  Wertheim.)  Dissolves  in  cold  alcohol, 
and  very  abundantly  in  hot  alcohol,  so  that  on  cooling,  a  large  quantity 
of  a  fiery  orange-yellow  powder  is  precipitated.  (Wertheim.) 

Wertheim. 
mean. 
68  C    403-0     ....     52-54     54-52 

2  N  280     ....       3-60     3-53 

39  H  390     ....       5-02     5-30 

12  O  96-0     ....     12-43     1054 

Pt  98-7     ....     12-71     12-70 

3  CI  106-5     ....     13-70     13-41 

2C34NHi906,HCl,PtC12  ....  776-2     ....  100-00     100-00 

Wertheim's  formula  C70N2H370io,HCl,PtC02  agrees  better  with  his  analysis,  but  it 
assigns  to  free  piperine,  the  formula  C^N^H^^O'"  or  C'ON-^H^J'OJ"  +  2H0,  which  is  not 
at  all  probable. 

Piperine  dissolves  readily  in  acetic  acid;  the  solution  is  precipitated  by 
water,  and  yields  feathery  crystals  by  evaporation.  (Pelletier,  Merck.^ 

It  dissolves  more  readily  in  hot  alcohol  than  in  cold,  and  is  pre- 
cipitated by  water.  (Pelletier.)  Soluble  in  30  pts.  of  cold,  and  in  an 
equal  quantity  of  boiling  alcohol.  (Wittstein.)  The  solution  is  ren- 
dered milky  by  water,  and  deposits  the  piperine  in  small  crystals. 
(Wackenroder.) 

Piperine  dissolves  in  60  pts.  of  ether  (Merck),  in  100  pts.  of  cold, 
and  in  a  smaller  quantity  of  warm  ether.  It  dissolves  in  volatile  oils, 
and  crystallises  as  the  solvent  evaporates.  (Pelletier.)  It  dissolves 
abundantly  in  warm  creosote,  and  remains  dissolved  on  cooling. 
(Reichenbach.) 


Oxygen-nucleus  C^^H^O*. 

Glaucomelanic  Acid. 

WoHLER  &  Merklein.     Ann.  Pharm.  55,  129. 
Known  only  as  a  potash-salt. 

Formation.  1.  By  the  action  of  the  air  on  ellagic  acid  in  presence 
of  excess  of  alkali.  — 2.  On  mixing  ellagate  of  potash  with  hypochlo- 
rite of  potash. 

Preparation  of  Glaucomelanate  of  Potash.  —  Ellagic  acid  is  dissolved 
in  cooled,  moderately  strong  potash-ley,  and  left  to  stand  in  contact 
with  the  air,  whereupon  the  solution  first  assumes  a  deep  reddish 
yellow  colour,  then  becomes  fighter,  and,  commencing  from  the  sur- 
face, deposits  glaucomelanate  of  potash  in  slender  black  crystals,  in- 
termingled with  ellagate,  if  the  solution  has  stood  for  too  long  a  time 
in  contact  with  air  containing  carbonic  acid.  The  liquid  is  decanted 
before  the  separation  of  efiagate  of  potash  begins,  and  the  black 
crystafiine  powder  is  washed,  first  with  water  containing  potash, 
then  with  pure  water.  Glaucomelenate  of  soda  may  also  may  be  obtained  by 
heating  ellagic  acid  with  soda-ley;  but  it  is  more  difficult  to  purify. 
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Properties  of  the  Potash-salt.  —  Blue-back,  crystalline,  shining 
powder,  appearing  under  a  magnifying  power  of  200,  to  consist  of 
broad,  thin  prisms,  black-blue  by  transmitted  light.  The  air-dried 
salt  gives  off  in  vacuo  |  of  its  crystallisation-water,  and  the  rest 
at  100°  without  further  alteration,  the  total  quantity  being  on 
the  average  16*84  p.  c.  (calc.  4  at.  HO  =  17-53  p.  c.) 

a^  120°.  Wohler  &  Merklein. 

24  C  1440  ....  42-55  40-96     41-72 

4H 4-0  ....  M8  0-98     1-29 

12  O  960  ....  28-33  29-38     30-16 

2  KO  94-4  ....  27-89  28-68     26-83 

C24K2H^Oi4    338-4     ....  100-00     100-00     10000 

The  reproduction  of  ellagic  acid  from  glaucomelanic  acid  makes  the  formula  of  the 
latter  appear  doubtful.     (Gerhardt,  Traite  3,  873.) 

Decompositions.  1.  Glaucomelanate  of  potash  when  Aeafecf  in  a  tube, 
gives  off  water,  carbonises,  without  yielding  any  empyreumatic  products, 
and  leaves  charcoal,  together  with  carbonate  of  potash.  —  2.  It  dissolves 
abundantly  in  hot  water  and  in  contact  with  the  air,  with  green,  and 
afterwards  with  yellow,  colour,  forming  ellagate  of  potash,  which 
separates  from  the  solution  on  cooling,  if  the  potash-salt  be  heated  with 
water,  and  evaporated  to  dryness,  a  dirty  olive-green  mass  is  obtained,  equal  in  weight 
to  the  original  salt.  The  latter  yields  73  p.  c.  of  brownish  ellagic  acid,  and  a  quantity 
of  chloride  of  potassium  equivalent  to  29  pts,  of  potash.  — 3.  Heated  with  hydro- 
chloric acid,  it  yields  a  deposit  of  ellagic  acid.  —  4.  With  nitrous  acid 
vapour,  it  assumes  a  fine  purple-red  colour.  —  5.  In  hot  concentrated 
potash-ley  it  dissolves  with  deep  emerald-green  colour,  quickly  chang- 
ing to  deep  yellow  in  contact  with  the  air. 

The  acid  dissolves  sparingly  in  cold  water ^  with  blackish  purple 
colour.     It  is  insoluble  in  alcohol. 


Primal^  Nucleus  C**H" :  Oxygen-nucleus  C'*H*H)*. 

Filipelosic  Acid. 

CMH12Q8  ^  C'^H^'OSO*? 
Luck.     Jahrh.  pr.  Pharm.  22,  139  and  141. 
Filimelisic  acid. 

Preparation.  1.  Filicic  acid  (from  Aspidium  filix  mas,  see  below)  is 
dissolved  in  warm,  very  dilute  potash-ley ;  the  solution  exposed  to  the 
air  for  a  week ;  and  the  filtrate  precipitated  with  dilute  sulphuric  acid. 
The  precipitate  is  washed,  dried  and  obtained  as  a  loosely  coherent 
powder,  by  solution  in  ether-alcohol  and  Fp)ntaneous  evaporation  of 
the  filtrate.  —  2.  When  filicic  acid  is  heated  with  dilute  alcoholic 
ammonia  to  80°  or  100°  for  some  time  out  of  contact  with  the  air,  the 
liquid  then  precipitated  with  sulphuric  acid,  and  the  precipitate  purified 
as  in  1,  Luck's  filimeUsic  acid  is  obtained. 
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Properties.  Amorphous  loam-coloured  powder ;  when  prepared  by  2, 
it  consists  of  microscopic  spherules.     Tasteless. 

Luck.  Luck. 


Jn  vacuo. 
24  C  ....  144     .. 

.     65-45     . 
.       5-45     . 
.     29-10     . 

mean, 

a. 

...     64-92 

..       6-16 

..     28-92 

24  C 

144 
13 
72 

In  vacuo. 
....     62-88     . 
....       5-67     . 
....     31-45 

mean. 
b. 
..     62-81 

12  H....     12     ... 
8  O  ....     64     ... 

13  H 

9  O 



..       5-71 
..     31-48 

C24H1208  220      .. 

.  100-00     . 

..  100-00 

C24H1208 

,H0 

229 

....  100-00     . 

., 

Luck  regards  the  acids  obtained  by  1  and  2  as  different,  the  fornaer  as  C^^H^^O^, 
the  latter  as  C^^H^^O^,  although  they  agree  perfectly  in  their  properties,  and  in  the 
composition  of  their  lead-salts.  The  formulae  given  by  Luck  for  chloro-  and  bichloro- 
filipelosic  acid,  as  well  as  that  of  filimelisi-sulphuric  acid  are  improbable  in  the  highest 
degree.     (Kr.) 

Filipelosic  acid  melts  and  bums  when  heated  on  platinum-foil.  —  It 
is  converted  by  dry  chlorine  into  chlorofilipelosic  acid;  by  aqueous 
chlorine  into  bichlorofilipelosic  acid. 

It  is  insoluble  in  water,  but  dissolves  with  brown  colour  in  oil  of 
vitriol.  It  dissolves  readily  in  aqueous  alkalis;  the  solution  yielding 
with  most  metaUic  salts,  precipitates  varying  in  colour  from  yellow  to 
brown. 

Lead-salt.  Precipitated  from  the  soda-salt  by  neutral  acetate  of 
lead. 

Lack. 

In  vacuo,                                             a.  h. 

24  C    144     ....     42*23     40-32     ....     41-15     ....  41-87 

13  H    13     ....       3-81     4-07     ....       4-06     ....  4-21 

9  O    72     ....     2111     21-91     ....     22-83     ....  21-60 

PbO   112     ....     32-85     3;V70     ....     31-96     ....  3262 

C2'«H"Pb08,2HO      341     ....  lOO'OO     10000      ...  100-00     ....  100*00 

a  is  Luck's  filipelosate  of  lead;  b  his  filimelisate. 

Filipelosic  acid  dissolves  in  sulphide  of  carbon,  alcohol,  ether,  volatile 
oils  and  fixed  oils. 


Filimelisi-sulphuric  Acid. 

Luck.     Jahrh.  pr.  Pharm.  22,  149. 

Preparation.  Filicic  acid  is  triturated  with  6  or  8  pts.  of  fuming 
oil  of  vitriol  till  completely  dissolved;  the  solution  after  stand- 
ing for  2  to  4  hours,  is  dropped  into  a  dilute  and  cooled  solution  of 
Glauber's  salt,  avoiding  all  rise  of  temperature  ;  and  the  precipitate  is 
collected,  washed  with  cold  solution  of  Glauber  salt,  to  remove  free 
acid,  then  pressed  and  dried.  The  dry  mass  treated  with  warm 
alcohol  or  ether,  yields  up  its  acid  to  the  solvent,  while  sulphate  of 
soda  remains  behind ;  the  acid  may  then  be  obtained  in  the  solid  state 
by  evaporating  the  filtrate. 

Transparent,   amorphous,  •  brown-yellow    mass,    which    may   be 
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rubbed  to  a  gold-yellow  powder.     Inodorous.     Tastes  bitter.     Has  a 
faint  acid  reaction. 

Luck. 
mean. 

24  C  144     ....     55-17     ....     55-32 

13  H 13     ....       4-98     ....       5-29 

8  O 64     ....     24-49     ....     23-90 

S03 40     ....     15-36     ....     15-49 

C24Hi308,S03 261     ....  100-00     ....  100-00 

After  deduction  of  a  cetain  amount  of  ash.  —  So,  according  to  Luck;  but  the  for- 
mula is  not  in  accordance  with  the  principles  of  this  Hand-book. 

Insoluble  in  water ;  dissolves  with  deep  yellow  colour  in  alkalis.  The 
solution  of  the  baryta-salt  precipitates  metallic  salts  brown,  but  not 
nitrate  of  silver. 

Baryta-salt.  —  Prepared  by  mixing  the  aqueous  acid  with  baryta- 
water,  and  removing  the  excess  of  baryta  by  passing  carbonic  acid 
through  the  liquid,  evaporating,  and  redissolving  as  long  as  carbo- 
nate of  baryta  continues  to  separate. — Amorphous  mass,  having  a 
fine  red-lead  colour,  and  bitter  taste ;  easily  soluble  in  water. 

Calculation  according  to  Luck.  Luck. 

24  C  144  ....  42-66  ....     42-35 

13  H 13  ....  3-85  ....       3-90 

8  O  64  ....  18-96 

S03  40  ....  11-85 

BaO 76-5  ....  22-68  ...      23'07 

C24Hl30s,SO^BaO   337-5     ....  100-00 

Lead-salts,  a.  Mono-acid. — Yellowish  red  precipitate,  obtained  by 
mixing  the  aqueous  baryta- salt  with  neutral  acetate  of  lead. 

Luck. 

24  C 144     ....     38-61     ....     3834 

13  H 13     ....       3-48     ....       3-57 

8  0 64     ....     17-15 

S03  40     ....     10-72 

PbO 112     ....     30-04     ....     29-.32 

C24Hi308,S03,PbO   373     ....  10000 

h.  With  excess  of  Lead-oxide.  —  Brick-red  precipitate,  obtained  by 
adding  neutral  acetate  of  lead  to  the  aqueous  solution  of  the  baryta- 
salt  mixed  with  ammonia.  A  precipitate  of  the  same  colour  is 
obtained  by  treating  the  aqueous  baryta-salt  with  basic  acetate  of 
lead. 

Luck. 

24  C  144     ....     20-31     ....     2010 

13  H 13     ....       1-83     ....       1-87 

8  0 64     ....       902 

S03 40     ....       5-64 

4PbO   448     ....     63-20     ....     63-49 

C24ai308,so3,4PbO 709     ....   100-00 

The  acid  dissolves  readily  in  alcohol  and  in  ether. 
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Oxygen-nucleus  C^^IPO®. 

Luteolin. 

Chevreul.  (1830).     J.  Chim.  Med.  6,  157;  Berz.  Jahresher.  11,  280. 
MoLDENHAUER.     Ann.  Pharm.  100,  180  ;  Dingl.  polyt.  J.  144,  71  ;    /.  pr. 

Chem.  70,  478. 
ScHUTZENBERGER  &  Paraf.     Compt.  rend.  52,  92  ;  Zeitschr.  Ch.  Pharm.  4, 
134. 

Discovered  by  Chevreul.  —  Different  from  Liesching's  luteolin,  a  preparation  from 
weld,  which  is  used  in  dyeing.     (Comp.  Chem.  Centr.  1856,  159.) 

Occurrence.     In  dyer's  weld.     (Reseda  luteola.) 

Preparation.  Weld  is  exhausted  with  hot  alcohol  of  80  per  cent. ; 
the  tinctures  are  concentrated  by  distilling  off  the  alcohol,  and  by 
further  evaporation ;  and  the  impure  luteolin  which  separates  after 
standing  for  a  day  is  collected.  For  purification,  either  the  luteolin  is 
dissolved  in  boiling  concentrated  vinegar,  the  solution  evaporated,  and 
the  luteolin  extracted  from  the  residue  by  ether  (containing  water) ;  or 
the  separated  impure  luteohn  is  dried,  washed  several  times  with  a  small 
quantity  of  ether,  which  chiefly  takes  up  resin,  and  dissolved  in  a  larger 
quantity  of  ether.  The  whole  of  the  luteolin  thus  prepared  may  be 
obtained  pure  and  crystallised,  by  pouring  the  solution  into  20  times 
its  volume  of  water,  then  boiling,  filtering,  and  coohng  the  filtrate. 
(Moldenhauer.)  The  alcoholic  extract  of  weld  may  hkewise  be  dissolved 
in  alcohol,  the  alcohol  distilled  off,  and  the  luteolin  precipitated  from 
the  hot-filtered  residue  by  neutral  acetate  of  lead.  The  precipitate  is 
decomposed  under  water  by  sulphuretted  hj^drogen,  the  sulphide  of 
lead  collected  and  dried,  the  adhering  luteolin  extracted  therefrom  by 
ether  containing  water,  and  then  re-crystallised  from  alcohol.  It  may 
also  be  re -crystallised  from  dilute  sulphuric  acid,  acetic  acid  of  15  to  20 
per  cent.,  or  water  with  2  per  cent,  alcohol.  (Moldenhauer). — 2.  Weld 
is  exhausted  with  alcohol ;  the  alcoholic  solution  precipitated  with 
water,  and  the  precipitate  heated  with  water  to  250°  in  a  closed  steel 
cylinder.  After  cooling,  the  sides  of  the  cylinder  are  found  to  be 
coated  with  crystals,  which  must  be  separated  from  the  cake  of  resin 
at  the  bottom,  and  purified  by  two  crystaUisations  from  over-heated 
water.     (Schiitzenberger  &  Paraf.) 

By  precipitating  the  aqueous  decoction  of  weld  with  basic  acetate  of  lead  (or  agitating 
it  with  hydrated  oxide  of  lead),  decomposing  the  washed  precipitate  with  sulphuretted 
hydrogen,  and  evaporating  the  filtrate  in  vacuo,  Preisser  {lev.  seient.  16,  56;  J.  pr. 
Chem.)  obtained  his  luteolin  in  white  spangles,  slightly  acid,  and  of  sweetish  bitter 
taste.  This  product  sublimes  in  golden  yellow  needles,  and,  by  exposure  to  the  air  or  by 
boiling  with  chromic  acid,  is  converted  into  broad  gold-yellow  spangles,  Preisser's /«^eo- 
lein.  It  dissolves  in  water,  is  coloured  bright  yellow  and  afterwards  precipitated  by 
ammonia  or  the  fixed  alkalis,  hkewise  by  lime-,  strontia-,  or  baryta  water.  From  a 
solution  of  neutral  acetate  of  lead,  it  throws  down  a  white  precipitate,  which  becomes 
gold-yellow  on  exposure  to  the  air,  and  from  ferrous  sulphate,  a  pale  greenish-yellow 
precipitate,  which  turns  brown  when  exposed  to  the  air.  It  dissolves  in  alcohol  and  ether. 
(Since,  however,  Preisser's  other  statements  respecting  colouring  matters  have  been 
often  refuted,  it  is  probable  that  these  also  are  not  deserving  of  much  confidence.  Kr.). 
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Compare,  on  this  subject,  Arppe,  Ann.  Pharm.  55,  101 ;  Srhlieper,  Ann.  Pharm.  58, 
3«9;  Schiel,  Ann.  Pharm.  60,  76;  Bolley,  Ann.  Pharm.  62,  150;  Weyermann  & 
Haffely,  Ann.  Pharm.  74,  226;  Eisner,  J.  pr.  Chem.  35,  377;  Bolley  &  Wydler,  J. 
pr.  Chem.  43,  507;  Wagner,  J.  pr.  Chem.  51,  82). 

Properties.  Small  four-sided  needles,  of  pure  yellow  colour,  and 
silky  lustre.  It  sometimes  separates  from  ether  in  the  amorphous 
state  (Moldenhauer.)  Inodorous,  but  tastes  shghtly  bitter  and  harsh. 
Melts  above  320°,  with  partial  decomposition.  Slightly  acid.  (Mol- 
denhauer.) Air-dried  luteolin  contains  10-23  p.  c.  water  (3  at.  = 
10-42  p.  c),  after  drying  over  oil  of  vitriol  7*02  p.  c.  (2  at.  =  7-2  p.  c.) 
which  goes  off  at  150°.  (Schutzenberger  &  Paraf.) 

Calculation  according  to : 
1.  2.  3. 

Schutzenberger  &  Paraf.  Moldenhauer.  Hlasiwetz. 

24  C    144   ...    6207      40  C     240  ....    62-82  58  C 348  ....    62-14 

8H  8...,      3-45      14  H    14....      3*66  20  H    20....      3*57 

10  O  80  ....    34-48      16  O    128  ....    33-52  24  0 192  ....    34-29 


C24H8O10....  232  ....  100-00     C4»Hi40^«....  382  ....  lOO'OO      C^SH-OOS^....  560  ....  100*00 

Moldenhauer.  Schutzenberger  &  Paraf. 

at  100°.  at  150°. 

C  62-50  to    63-00  61*67  to    62-54 

H 3-70  „      4-08  ^-49  „      3'77 

O  33-80  „    32-92  34-84   „     33-69 

100-00  to  100-00     100-00  to  100-00 

Moldenhauer  analysed  luteolin  re-crystallised  from  sulphuric  acid,  acetic  acid  ov 
alcohol,  with  nearly  equal  results.  From  his  determinations  of  the  quantities  of  metal 
in  the  luteolin -salts,  he  regards  the  formula  as  not  completely  established.  According 
to  Hlasiwetz  {Ann.  Pharm.  112,  107),  luteolin  might  be  identical  with  alpha-quer- 
cetrin  (calculation  3)  ;   this  however  is  doubted  by  Bolley.     {^Ann.  Pharm,.  115,  60.) 

Decompositions.  1.  By  anhydrous  phosphoric  acid  at  200°,  luteolin  is 
converted  into  a  red  substance,  which  dissolves  with  violet  colour  in 
ammonia  (Schutzenberger  &  Paraf.)  —  2.  When  luteohn  is  heated  with 
caustic  ammonia  to  100°  in  a  closed  tube  for  three  or  four  days,  a  deej 
yellow  solution  is  formed,  which,  when  evaporated,  leaves  a  dark 
coloured  substance,  whence  ammonia  is  evolved  by  hydrate  of  potash, 
but  not  by  hme :  probably  luteolamide.  (Schutzenberger  &  Paraf.)  — 
3.  With  warm  concentrated  nitric  acid,  it  turns  red-brown  and  partially 
dissolves,  the  solution  depositing  brown  flocks  when  mixed  with  water. 
By  longer  boiling,  a  colourless  solution  is  formed  containing  oxali«^ 
acid. — 4.  By  distillation  with  chromic  acid,  it  yields  formic  acid.  (Mol- 
denhauer.)— 5.  From  nitrate  of  silver  it  reduces  the  metal  without 
previous  reddening.  (Bolley.) 

Luteohn  dissolves  in  14,000  pts.  of  cold  and  5,000  pts.  of  boiling* 
water,  and  is  precipitated  in  the  amorphous  state  by  acids.  (Molden- 
hauer.) According  to  Chevreul,  it  dissolves  very  easily  in  water. 
Dissolves  in  oil  of  vitriol,  with  deep  reddish-yellow  colour,  and  i> 
precipitated  by  water  without  alteration.  Dissolves  sparingly  in  dilute- 
acixls.  (Moldenhauer.)     According  to  Chevreul,  it  unites  with  acids. 

Luteohn  unites  with  bases.  (Chevreul.)  It  dissolves  in  aqueous 
ammonia  with  deep  yellow  colour,  and  remains  behind  free  from 
ammonia  when  the  solution  is  evaporated.  (Moldenhauer.) 
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Lvteolin  with  Potmh. — Prepared  from  luteolin  and  carbonate  of 
potash,  similarly  to  alizarin-soda  (xiv,  139),  and  contains  29*3  p.  c. 
potaslj,  (Moldenhauer.)  (C^^H^Oio,  2  K0=  28-92  p.  c.  KO  fKr.])  With  aqueous 
alkalis,  luteolin  forms  gold-yellow  solutions,  which  undergo  slow  alteration  on  exposure 
to  the  air.  (Chevreul.) 

Luteolin  with  Baryta. — Produced  by  mixing  a  hot  aqueous  solution 
of  luteolin  with  caustic  baryta,  then  with  one-third  of  its  volume  of 
alcohol  (Moldenhaner.) 

Luteolin  with  Oxide  of  Lead — A  hot  aqueous  solution  of  luteolin 
forms,  with  alcoholic  acetate  of  lead,  a  beautiful  yellow  precipitate, 
containing  46'12  p.  c.  PbO.  (Moldenhauer.)  Alcoholic  acetate  of  lead 
precipitates  alcoholic  luteolin.  (Schtitzenberger  &  Paraf.) 


SchUtzenberger  &  Paraf. 

24  C 

...  144     . 

..     31-44 

30-97 

8  H 

....       8     . 

...       1-75 

1-98 

30  O 

...     80     . 

..     17-90 

17-72 

2  PbO 

...  224     . 

..     48-91 

49-33 

C24H80io,2PbO.... 

...  456     . 

..  100-00 

10000 

Aqueous  luteolin  does  not  affect  ferrous  salts,  but  colours  a  very 
dilute  solution  of  fe7^ric  chloride  green  at  first  but  afterwards  red- 
brown,  the  latter  colour  being  produced  immediately  in  more  concen- 
trated solutions.  (Moldenhauer,  Bolley.) 

A  compound  of  luteolin  with  cupric  oxide,  is  formed  by  precipitating 
the  hot  aqueous  solution  with  sulphate  of  copper ;  it  has  a  dark  colour, 
and  contains  20*16  p.  c,  CuO.  (Moldenhauer.) 

Luteolin  dissolves  in  37  pts.  of  alcohol  and  6*25  pts.  ether.  It  dis- 
solves with  peculiar  facility  in  strong  warm  acetic  acid,  and  separates 
almost  complete^  on  cooling.  It  does  not  precipitate  a  solution  of 
gelatin.  Its  warm  aqueous  solution  imparts  a  fine  jonquil-yellow  cjlour, 
after  some  time  to  silk  and  wool  mordanted  with  alum,  and  olive- 
green  to  the  same  fabrics  mordanted  with  iron.  (Chevreul.) 


Oxychlorine-nucleus  C'^CIH^O*. 

Chlorofilipelosic  Acid. 

C2*H"C10«  =  C^^ClIPiOSOn 
Luck.     Jahrh.  pr.  Pharm.  22,  144. 

When  dry  chlorine  gas  is  passed  over  filipelosic  acid  in  a  bulb-tube, 
the  acid  melts,  with  rise  of  temperature  and  evolution  of  hydrochloric 
acid  gas,  to  a  transparent  light-brown  mass,  which,  after  washing  with 
water,  dissolves  in  ether-alcohol  with  dark  brown-yellow  colour,  and 
remains  behind  when  the  alcohol  is  left  to  evaporate. 

Amorphous,  transparent,  light-brown  mass,  which  may  be  rubbed 
to  a  brown  powder,  has  a  faint  fruity  odour,  a  slightly  bitter  taste,  and 
strong  acid  reaction. 


1 
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Luck. 

24  C  144-0     ....     54-68     54-59 

12  H  12-0     ....       4-55     4-78 

CI 35-5     ....     13  48     13-50 

9  O  72-0     ....     27*29     2713 

C24HiiCl08,HO  ....  263-5     ....  100-00     100-00 

According  to  Luck  it  is  C^^H^SCIO^  (see  page  26). 

Potash-ley  colours  the  acid  dark  brown,  probably  forming  chloride 
of  potassium. 

The  acid  is  insoluble  in  water,  but  dissolves  with  brown-yellow 
colour  in  alkaline  liquids.  The  alcoholic  solution  of  the  soda-salt  forms 
brown-yellow  precipitates  with  most  metallic  salts,  but  darkens  the 
solution  of  nitrate  of  silver  without  precipitating  it. 

Lead-salt. — By  precipitating  the  dilute  aqueous  soda- salt  with 
neutral  acetate  of  lead. 

In  vacuo.  Luck. 

24  C    144-0     ....  38-40     38-30 

12  H    12-0     ....  3-20     3-22 

CI  35-5     ....  9-45 

9  O    72-0     ....  19-20 

PbO   1120     ....  29-75     29-31 

C24HiociO",PbO  +  2HO....  375-5     ....  100-00 

The  acid  dissolves  in  alcohol,  more  readily  in  ether,  less  easily  in 
sulphide  of  carbon,  faced  oils,  and  oil  of  turpentine. 


Oxychlorine-nucleus  C^^CPH^'^O*. 

Bichlorofilipelosic  Acid. 

C24CPH1008  _.  C'«CPff*^0*,0*? 
Luck.     Jahrh.  pr.  Pharm.  22,  146. 

Chlorine  is  passed  into  water  in  which  filipelosic  acid  is  suspended, 
as  long  as  the  odour  of  the  gas  disappears  after  the  liquid  has  been 
left  to  itself  for  a  while ;  the  product  is  then  washed  with  water,  and 
purified  by  solution  in  alcohol  and  spontaneous  evaporation. 

Amorphous  mass,  which  may  be  rubbed  to  a  light  brown  powder, 
and  melts  at  a  gentle  heat.     Tasteless.     Has  an  acid  reaction. 


In  vacuo. 

Luck. 

24  C 

144     .... 

46-93     .... 

....     46-68 

12  H 

12     .... 

3-91     .... 

....       4-09 

2  CI 

71     .... 

23-08     .... 

....     23-44 

10  O 

80     .... 

26-08     .... 

....     25-79 

C24ci2Hioo8,2HO....  307     ....  100-00     lOO'OO 

According  to  Luck  it  is  C^^CISH^sqio  (comp.  p.  26.) 
Insoluble  in  water,  but  dissolves  in  aqueous  alkalis,  forming  salts 
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which  precipitate  the  solutions  of  metallic  salts,  like  chlorofilipelosate 
of  soda. 

Lead-salt.  —  Obtained  like  the  lead-salt  of  the  monochlorinated  acid. 


In  vacuo. 

Luck. 

24  C  

144     ... 

.     27-64     .... 

....     27-42 

11   H 

11     ... 

2-11     .... 

....       215 

2  CI 

71     ... 

.     13-63 

9  O 

72     ... 

.     13-79 

2  PbO 

224     ... 

.     42-83     .... 

....     42-95 

C24ci2H9Pb08,PbO,2HO  ....  522     ....  100  00 
The  acid  dissolves  in  alcohol  and  in  ether,  sparingly  in  sulphide  of 
carbon,  fixed  oils,  and  oil  of  turpentine. 


Primary  Nucleus  C^ff*. 

Kinovous  Acid. 

Kawalier.     Wien.  Akad.  Ber.  11,  344.  —  13,  525. 
Quinovous  acid.     Chinovigesaure. 

Occurrence.  In  the  needles  of  Pinus  sylvestris.  In  the  green  parts 
of  Thuja  occidentalis. 

Preparation.  1.  From  Pine-needles.  The  needles  are  cut  up  and 
boiled  with  alcohol  of  40° ;  the  alcoholic  decoction  is  distilled  in  the 
water-bath,  the  greater  part  of  the  volatile  oil  then  passing  over  with 
the  alcohol;  and  the  distillate  is  mixed  with  water.  It  is  thereby 
separated  into  a  dark  green  resinous  mass  containing  ceropic  acid, 
kinovous  acid,  and  a  small  quantity  of  volatile  oil,  and  a  turbid  watery 
liquid  in  which  pinipicrin,  sugar,  traces  of  citric  acid,  oxypinotanic 
acid  and  pinitannic  acid  remain  dissolved.  The  needles  exhausted 
with  alcohol  still  contain  a  little  pinipicrin  and  jelly,  which  latter 
may  be  obtained  in  the  manner  described  at  page  239,  vol.  xiii.  The 
riesinous  mass  is  dissolved  in  alcohol  of  40° ;  an  alcoholic  solution  of 
neutral  acetate  of  lead  added,  which  throws  down  impure  ceropate  of 
lead  (to  be  treated  as  described  under  ceropic  acid)  ;  Sulphuretted  hydrogen  is 
passed  into  the  filtrate ;  and  the  precipitated  mixture  of  chlorophyll 
and  sulphide  of  lead  is  separated  by  filtration.  The  now  yellow  fil- 
trate deposits,  after  the  alcohol  has  been  distilled  off,  a  semi-fluid 
resin,  which  dissolves  in  veiy  dilute  potash-ley,  to  a  light  brown 
hquid,  from  which  the  resins  may  be  precipitated  in  combination  with 
lime  by  chloride  of  calcium.  These  resins  are  filtered  off  and  washed 
with  water,  and  the  filtrate  and  wash-water  are  precipitated  with  a 
slight  excess  of  hydrochloric  acid,  whereby  faintly  yellow  flocks  of 
kinovous  acid  are  precipitated,  to  be  purified  by  collection,  re-solution 
in  dilute  potash,  treatment  of  the  solution  with  animal  charcoal,  and 
precipitation  of  the  filtrate  with  hydrochloric  acid.     (Kawaher.) 

2.  From  Thuja  occidentalis.  The  decoction  of  the  green  parts  of 
Thuja  occidentalis  prepared  with  alcohol  of  40°  deposits  yellow  waxy 
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flakes  on  cooling.  On  subsequently  distilling  the  liquid,  alcohol  and 
volatile  oil  pass  over,  while  resin  and  a  turbid  watery  liquid  remain. 
This  liquid  contains  tannic  acid,  sugar  and  pinipicrin,  and  serves  for 
the  preparation  of  pinipicrin  (see  below).  The  resin  is  dissolved  in 
boiling  alcohol  of  40°;  the  still  dissolved  wax  is  precipitated  by 
alcoholic  acetate  of  lead ;  the  filtrate  treated  with  sulphuretted  hy- 
drogen, which  precipitates  chlorophyll  and  sulphide  of  lead;  these 
substances  are  removed ;  and  the  alcohol  is  separated  from  the  filtrate 
by  distillation.  The  remaining  liquid  deposits  a  semi-fluid  resin,  which 
is  to  be  dissolved  in  dilute  potash-ley,  mixed  with  chloride  of  calcium, 
to  remove  the  alpha-thuja  resin,  filtered  from  the  precipitate,  and 
treated  with  hydrochloric  acid,  which  precipitates  yellowish-white 
flocks,  consisting  of  a  mixture  of  kinovous  acid  and  beta-thuja  reshi, 
to  be  dissolved,  after  washing,  in  hme-water.  Carbonic  acid  passed 
into  this  solution  throws  down  a  mixture  of  kinovous  acid  and  carbo- 
nate of  Hme,  from  which  the  former  may  be  extracted  by  ether,  and 
obtained  in  the  solid  state  by  evaporating  the  ether  over  the  water- 
bath.  —  The  beta-thuja  resin  remains  dissolved  after  the  carbonic  acid 
has  been  passed  through  the  liquid,  as  just  mentioned,  and  may  be 
precipitated  from  the  filtrate  by  hydrochloric  acid. 

Properties.    White  or  sHghtly  yellow  brittle  mass,  converted  by  tri- 
turation into  a  strongly  electric  powder. 


24  C 

19  H    

5  O 

In  vacuo. 

144     ... 

19     ... 

40     ... 

.     70-93     ... 
.       9-36     ... 
.     19-71     ... 

Kawalier. 
a.                   b. 
....     70-55     ....     70-82 
....       9-48     ....       9-40 
....     19-97     ....     19-78 

C24H1905  .. 

203     ... 

100-00     ... 

...   100  00     ....  100-00 

a.  from  Pine-needles;  b.  from  Thuja. — So,  according  to  Kawalier,  To  bring  the 
formula  into  accordance  with  the  principles  of  this  work,  the  acid  dried  in  vacuo  must 
be  supposed  to  contain  1  at.  HO  more.     (Kr.) 

Kinovite  of  Silver.  — Obtained  by  dissolving  the  acid  in  lime-water 
and  precipitating  with  nitrate  of  silver. — White,  but  becomes  grey 
after  drying  in  vacuo.  Detonates  when  heated,  but  not  so  strongly 
as  oxalate  of  silver.  Contains  74*11  p.  c.  oxide  of  silver,  and  is  there- 
fore C^IP^O^,  5  AgO  (Kawaher);  by  calculation,  74-2  p.  c.  AgO. 


Appendix  to  Kinovous  Acid. 

1.  Pinicorretin  C^^H^O*^  (Kawalier,  Wien.  Akad.  Per.  11,  359).—- 
Found  in  the  bark  of  Pimis  sylvestris.  —  The  bark  of  the  upper  |)arts  of 
the  stem,  after  being  freed  from  the  outer  rind,  is  cut  in  pieces,  and 
boiled  with  alcohol  of  40° ;  the  ceropic  acid  which  separates  from  the 
decoction  on  cooling  is  separated  by  filtration ;  the  greater  part  of 
the  alcohol  evaporated ;  the  residual  liquid  mixed  with  water ;  and 
the  turbid  liquid  treated  with  neutral  acetate  of  lead,  whereby  pini- 
cortannic  acid  and  pinicorretin  are  precipitated,  while  cortepinitannic 
acid  and  sugar  remain  in  solution.  The  washed  lead-precipitate, 
digested  with  very  dilute  acetic  acid,  separates  into  pinicortannic  acid, 
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which  dissolves  (and  may  be  obtained  from  the  solution  by  precipi- 
tating with  basic  acetate  of  lead,  decomposing  the  precipitate  with 
sulphuretted  hydrogen,  and  evaporating  the  filtrate  out  of  contact  with 
the  air),  and  a  dark-coloured  glutinous  residue,  which  dissolves  in 
strong  alcohol.  On  treating  the  solution  with  sulphuretted  hydrogen, 
filtering  from  the  sulphide  of  lead,  and  evaporating  the  filtrate,  pimcorre- 
tin  remains  behind,  and  may  be  purified  by  dissolving  it  in  alcohol, 
removing  the  undissolved  portion,  and  evaporating. 

The  solution  containing  cortepinitannic  acid  and  sugar  is  freed  from  the  former  by 
precipitation  with  subacetate  of  lead,  which  throws  down  cortepinitannate  of  lead,  then 
filtered,  freed  from  lead  by  sulphuretted  hydrogen,  and  evaporated  over  the  water-bath ; 
sugar  then  remains  and  may  be  purified  from  a  small  quantity  of  pinipicrin  by  treatment 
with  anhydrous  ether-alcohol. 

Properties.  Black-brown,  glutinous  mass,  almost  wholly  soluble 
in  ammonia.  The  ammoniacal  solution  mixed  with  chloride  of  barium 
yields  red-brown  flocks  of  pinicorretin-haryta,  which  may  be  dried  in 
vacuo. 

Pinicorretin-haryta.  Kawalier, 

72  C  432     ....     47-20     47-45 

57  H 57     ....       6-23     645 

15  O  120     ....     13-12     13-18 

4  BaO 306     ....     33-45     39-92 

C72H570VBaO 915     ....  100-00     10700 

C72H57O^5=,3C24H^90S  therefore  isomeric  with  kinovous  acid.     (Kawalier.) 

2.  Kawalier's  Resin  from  Pinus  sylvestris. — (Kawalier,  Wien.  Akad. 
Per.  11,  347.)  —  In  the  needles  of  Pinus  sylvestris  (see  page  33). 
The  compound  of  resin  and  Hme  precipitated  by  chloride  of  calcium  in 
the  preparation  of  kinovous  acid,  dissolves  almost  completely  in  ether. 
The  ethereal  solution  is  separated  from  the  residue  by  filtration,  and 
evaporated ;  the  residue  is  treated  with  alcohol  of  40°,  which  dissolves 
the  whole,  excepting  the  hme  and  a  small  portion  of  the  resin ;  the 
solution  is  again  evaporated ;  and  the  residue  is  exhausted  with  water 
containing  hydrochloric  acid,  whereupon  chloride  of  calcium  passes 
into  solution,  while  a  brownish  yellow  resin  a,  remains  behind,  which, 
after  washing  and  drying  at  100°,  has  the  consistence  of  castor  oil, 
and  after  cooHng  is  brown  and  of  the  consistence  of  salve.  If  the 
resin  a  be  mixed  with  a  sufficient  quantity  of  hydrate  of  lime,  to  make 
it  appear  pulverulent,  then  distilled,  and  the  distillate  collected  in  two 
portions,  two  oils  are  obtained,  which,  after  rectification  with  water, 
drying  over  chloride  of  calcium  and  rectifying  per  se,  constitute  the  oils 
b  and  c.  These  oils  twice  distilled  over  anhydrous  phosphoric  acid, 
yield  the  hydrocarbon  d. 


Resin  a. 

Raw, 

Oil  b. 

Kaw. 

Oil  c. 

Kaw. 

50  C    ...     77-30  .. 

.     77-44 

30  C...     84-9  .. 

.     84-92 

50  C  ...     86-2  .. 

.     85-92 

40  H  ....     10-30  .. 

.     10-63 

24  H...     11-3  .. 

.     11-62 

40  H  ...     11-5  .. 

.     11-43 

6  O  ....     12-40  .. 

.     11-93 

1   O   ..       3-8  .. 

3-46 

1   O...       2-3  .. 

2-65 

C50H40O6  100-00  .. 

.   100-00 

C30H24O  100-0    . 

.   100-00 

C50H40O  lOO'O  .. 

.   100-00 

Hydrocarbon  d.  Kaw. 

20  C  88-24  88-14 

16  H  11-76  11-85 

C2"Hi6 100-00  99-99 
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Resin  a  is  perhaps  a  mixture  of  C^^IP'^O'  and  J  C*<>H«0* ;  the  oils  h 
and  c,  mixtures  of  oxygenated  ana  non-oxygenated  oil,  the  former  of 
\vhich  is  decomposed  by  distillation  over  phosphoric  anhydride, 
(Kawalier.) 

If  resin  oc  in  the  fused  state  be  dropped  upon  soda-lime  heated  to 
220°,  a  thick  colourless  oil  passes  over,  which,  after  dehydration  over 
chloride  of  calcium,  has  the  composition  of  oil  e.  The  residue  dissolves 
partially  when  suspended  in  water ;  and  if  the  filtrate  be  precipitated 
by  hydrochloric  acid,  the  precipitate  dissolved  in  potash-ley,  the  solution 
treated  with  animal  charcoal,  and  again  precipitated  with  hydrochloric 
acid,  resin  f  is  precipitated  as  an  ash-grey  powder,  which  softens  at 
100°,  and  dissolves  in  alcohol  and  in  alkaline  liquids.  The  undissolved 
portion  decomposed  by  dilute  hydrochloric  acid,  deposits  a  resin  nearly 
insoluble  in  potash,  sparingly  soluble  in  alcohol,  easily  in  ether ;  and 
the  ethereal  solution  treated  with  animal  charcoal,  filtered  and 
evaporated,  yields  resin  g,  which  is  light-yellow,  brittle,  and  softens 
at  100°. 


Oil  e. 

Kaw. 

Resinf. 

Kaw. 

Resin  g. 

Kaw. 

100  C  .... 

8M  ... 

.     81-25 

50  C  ....     72-82  ... 

.     72-62 

10  C...    78-95  ... 

.     79-09 

84  H... 

11-4  ... 

.     11-75 

40  H...       9-71  .. 

9-82 

8  H        10-52  ... 

.     10-90 

7  O  .... 

7-5  .. 

7-00 

9  O  ....     17-47  ... 

.     17-56 

O        10-53  ... 

.     10-01 

C100H84O7  100-0  ....  100-00     C^H^oQ^  100-00  ....  100-00     CWH^O  100-00  ....  100-00 

Hence  the  original  resin  splits  up  into  products  comparatively  rich 
and  comparatively  poor  in  oxygen.  Oil  e  is  perhaps  a  mixture  of 
C^'H"  and  C«'H"',  2H0.     (Kawalier.) 

3.  Beta-thija  resin,  C*«IP'^0".  (Kawaher,  Wien.  AJcad.  Ber.  13-524.) 
The  two  resins  found  by  Kawalier  in  the  green  parts  of  Thuja  occidentalis  are  here 
distinguished  as  Alpha- and  Beta-thuj a  resin.  —  Obtained   in    the    preparation  of 

kinovous  acid  as  described  at  page  33,  and  purified  by  solution  in  ether. 
Transparent  resin,  yielding  a  lemon-yellow  powder. 

Kawalier, 

40  C  240     ....     68-37     68  39 

23  H 23     ....       6-55     6-78 

11  O 88     ....     25-08     24-83 

C40H23O"    351     ....  100-00     100-00 

The  precipitate  which  is  thrown  down  by  chloiide  of  calcium  in  the 
preparation  of  kinovous  acid,  and  contains  the  alpha  resin,  dissolves 
for  tlie  most  part  in  ether,  and  remains  behind  when  the  ether  is 
evaporated ;  it  is  still  however  a  mixture  of  lime  and  several  resins, 
which  are  but  partially  separated  even  by  alcohol.     (Kawalier.) 


Oxygen-nucleus  C^^H^O*. 

Thymoilol. 

Lallemand.     N.  Ann.  Chim.  Phys.  49,  164. 

The  final  product  of  the  action  of  reducing  agents  on  thymo'll,  (p.  36), 

P  2 
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Colourless,  four-sided,  tasteless  prisms  which  melt  at  145°   and 
distil  without  decomposition  at  290°. 


In  vacuo. 

Lallemand. 

24  C  

144     ... 

74-23     .. 

73-91 

18  H 

18     ... 

9-28     .. 

9-18 

4  O  

32     ... 

16-49     .. 

16-91 

C24H1804 194     ....  100-00     100-00 

Homologous  -vnth  hydrokinone  (xi,  161),  and  related  to  thymoil  in  the  same 
manner  as  hydrokinone  to  kinone. 

Converted  by  oxydising  agents.,  e.g.,  by  nitric  acid,  chlorine -water, 
nitrate  of  silver,  and  bichromate  of  potash,  first  into  thyme'id,  then 
into  thymoil. 

Dissolves  sparingly  in  water,  very  easily  in  alcohol  and  in  ether. 


Thymoil. 


I 


A.  Lallemand.  Compt.  rend.  38,  1022;  J.  pr.  Chem.  62,  295;  Phirm. 
Centr.  1854,  513  ;  Report  by  Dumas  &  Bussy,  Compt.  rend.  39, 
723  ;  Compt.  rend.  43,  375  ;  Fully  and  with  corrections  :  N.  Ann. 
Chim.  Phys.  49,  163  ;  abstr.  Ann.  Pharm.  102,  119. 

Formation.  By  the  action  of  peroxide  of  manganese  or  chromate 
of  potash  and  sulphuric  acid  on  sulphothymic  acid  (xiii.,  419). 

Preparation.  Thymol  is  dissolved  in  excess  of  oil  of  vitriol;  the 
resulting  sulphothymic  acid  is  diluted  with  5  or  6  times  its  bulk  of 
water,  and  this  liquid  is  distilled  with  peroxide  of  manganese.  Water 
then  passes  over,  together  with  formic  acid,  and  an  orange-coloured 
oil  which  soon  sohdifies,  while  in  the  retort  there  remains  a  solid  brown 
acid  which  dissolves  in  alcohol.  The  solidified  distillate  is  purified  by 
washing  with  water,  and  crystallised  from  ether-alcohol. 

Properties.  Four-sided  laminee,  having  a  fine  orange-yellow  colour 
and  strong  lustre,  melting  at  48°  to  a  dark-coloured  hquid,  giving  off 
copious  vapours  at  100°,  and  boihng  with  partial  decomposition  at  230°. 
Heavier  than  water.  Has  an  aromatic  odour  like  iodine  and  chamo- 
mile. 

Lallemand. 
mean. 

24  C  144      ...     75-00     75-06 

16  H  16     ....       8-33     8-07 

4  O  32     ....     16-67     16-87 


C24H1604    192     ....  10000     10000 

Homologous  with  kinone  (xi,  158). 

Decompositions.     1.  Thymoil  blackens  quickly  when  exposed  to  light, 
and  is  converted  into  a  mixture  of  oxythymoil,  thymoilol,  and  thymeid. 
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—  2.  It  is  partially  decomposed  by  distillation,  leaving  a  brown-red 
residue,  which  sohdifies  to  a  bronze-coloured  mass  having  a  metalhc 
lustre.  The  distillate  contains  a  little  oxythymoil. —  3.  Thymoil  mixed  with 
aqueous  potash  rapidly  absorbs  oxygen  from  the  air,  and  is  converted 
into  thymoilate  of  potash.      l  at.  thymoil  takes  6  at.  oxygen. 

2C24H1604  +  120  =  C48H280i6,3HO  +  HO. 

4.  By  hydrogen  in  the  nascent  state,  by  stdphurous  acid,  ferrous  sulphate, 
or  stannous  chloride,  thymoil  is  converted,  first  into  thymei'd,  then  into 
thymoilol.  A  similar  action  may  likewise  be  exerted  by  the  aqueous  formic  acid  pro- 
duced in  the  preparation  of  thymoil.  —  5.  Chlorine,  with  aid  of  heat,  slowly 
decomposes  thymoil,  forming  chlorinated  products. —  6.  Thymoil  absorbs 
ammonia  gas,  and  is  converted  into  thymoilamide. 

Thymoil  dissolves  in  warm  oil  of  vitriol  and  in  warm  concentrated 
>utric  acid,  and  is  precipitated  in  its  original  state  by  water.  —  It  dis- 
solves sparingly  in  alcohol,  very  easily  in  ethe7\ 


Oxythymoil. 

Lallemand.     N.  Ann.  Chim.  Phys.  49,  167  (see  page  86). 

1.  Thymoil  enclosed  in  a  sealed  tube,  is  exposed  for  some  days  to 
the  sun's  rays,  and  the  resulting  black  mass  is  washed  with  alcohol, 
which  dissolves  thymoilol  and  thymeid,  and  leaves  a  small  quantity  of 
oxythymoil  undissolved.  —  2.  In  the  dry  distillation  of  thymoil,  a 
small  quantity  of  oxythymoil  is  formed,  and  may  be  obtained  in  the 
separate  state  by  dissolving  out  the  other  products  with  alcohol. 

Properties.  Crystalline  powder  of  a  fine  lemon-yellow  colourj 
melting  at  190°. 


24  C  

144     . 

..     69-23     .. 
..       7-69     .. 
...     23-08     .. 

Lallemand. 
C9-a5 

16  H 

6  O  

16     . 

48     . 

7-61 

23-14 

C24Hi60« 

208     . 

...  100-00     .. 

100-00 

Insoluble  in  water  and  in  aqueous  alkalis,  and  not  altered  by  thq 
greater  number  of  reagents. 

Insoluble  in  alcohol,  very  slightly  soluble  in  ether. 


Appendix  to  Oxythymo'iL 

Thymoilic  Acid. 

Lallemand.     N.  Ann.  Chim.  Phys.  49,  166. 

Compare  page  36. 

When  crystals  of  thymoil  are  shaken  up  with  potash-ley  in  contact 
with  the  air,  they  dissolve  with  red-brown  colour,  forming  thymoilate 
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of  potash,  which  may  be  obtained  pure  by  saturating  the  hquid  with 
carbonic  acid,  evaporating-,  and  exhausting  the  residue  with  absolute 
alcohol.  —  Hydrochloric  acid  added  to  the  solution  of  thymoilate  of 
potash  throws  down  thymoilic  acid  in  dirty  yellow  flocks,  very  slightly 
soluble  in  water. 

The  thymo'ilates  are  soluble  in  water,  excepting  the  lead  and  silver 
salts.  The  former  contains  43 "02  p.  c.  oxide  of  lead,  and  is  therefore 
C«pi280i«^  3PbO  (calc.  43-07  PbO).      (Lallemand.) 

Conjugated  Compound. 

Thyme'id. 

Lallemand.     N.  A?in.  Chim.  Phys.  49,  165. 

Formation  and  Preparation.  1.  By  bringing  thymoil  in  contact  with 
thymoilol.  If  the  two  bodies,  dissolved  in  boiling  alcohol  or  ether,  be 
mixed  in  equal  quantities,  the  mixture  instantly  assumes  a  blood-red 
colour,  and  yields  crystals  of  thyme'id  by  cooling  or  evaporation.  — 
2.  Thymeid  is  the  first  product  formed  by  the  action  of  reducing  agents 
on  thymoil.  It  is  produced  for  example  by  sulphurous  acid,  when 
crj^stals  of  thymoil  are  thrown  into  it,  and  more  slowly  by  ferrous 
sulphate  and  stannous  chloride.  —  3.  Thymeid  is  also  the  first  product 
of  the  action  of  oxydising  agents  on  thymoilol  (p.  57). 

Properties.  Crystals  of  a  fine  violet  colour,  exhibiting  by  reflected 
light  a  bronze-coloured  metallic  reflection,  like  the  wings  of  beetles. 

Oxyamidogen-nucleus  C^AdH^*0^ 

Thymoilamide. 

C^NH^'O'  =  C^Adll^^O^ 

Lallemand.     N.  Ann.  Chim.  Phys.  49,  166. 

Thymoil  in  the  fused  state  slowly  absorbs  ammonia-gas,  and  is 
converted  into  a  dark  red  amorphous  mass,  which  is  hard  and  brittle 
at  common  temperatures,  but  softens  at  100°,  and  may  then  be  drawn 
into  threads.     It  is  soluble  in  alcohol. 

Primary  Nucleus  C'^H'*;  Oxygen-nucleus  C**H"0*? 

Globularetin. 

G.  F.  Walz.     N.  Jahrh.  Pharm.  13,  281. 

Produced,  together  with  paraglobularetin  and  sugar,  when  globu- 
larin  is  boiled  with  acids. 
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The  resin  obtained  by  boiling  globularin  with  dilute  sulphuric  acid 
is  washed  with  water  and  dissolved  in  alcohol ;  the  alcoholic  solution 
is  diluted  and  the  residue  treated  with  ether,  which  dissolves  the  glo- 
bularetin,  leaving  paraglobularetin  undissolved. 

White  powder,  melting  at  the  heat  of  the  hand. 


24  C 

14  H 

....  144     . 
....     14     . 

..     69-90     ... 
..       6-79     ... 
..     23-31     ... 

mean. 

....     70-04 

6-88 

6  O 

....     48     . 

....     23-08 

C24H1406   ... 

....  206     . 

..  100-00     ... 

100-00 

Paraglobularetin. 

G.  F.  Walz.     N.  Jahrh.  Pharm.  13,  281. 


Produced,  together  with  globularetin,  by  boiling  globularin  with 
acids,  and  may  be  obtained  by  solution  in  alcohol  and  precipitation  by 
water,  as  a  coloured  powder,  insoluble  in  ether. 


24  C 

16  H    . 

Dried. 

144     .. 

..  .     16     .. 

..     64-28     . 
..       714     . 

.     28-58     . 

Walz. 

..     62-95     

..       7-17     

..     29-88     

64-07 
7-18 

8  O  

... .     64     .. 

28-75 

C24H1608    .. 

224     . 

..  100-00     . 

..  100-00     

100-00 

Walz  erroneously  calculates  the  meau  of  his  analyses  at  64*3  p.  c.  carbon.     (Kr.) 

Primary  Nucleus  C^H*^ 
Naphthol. 

Occurs,  according  to  Pelletier  &  Walter,  in  the  naphtha  of 
Amiano  (xii.  439),  and  is  obtained  by  fractionally  distilling  rock-oil, 
which  has  previously  been  repeatedly  treated  with  cold  oil  of  vitriol, 
and  collecting  the  portion  which  passes  over  at  190°.  Vapour- 
density  —  5*3.  The  distillate  obtained  at  115°  consists  chiefly  of  naph- 
thene  C"H^^  which  has  a  vapour-density  of  4*0,  and  contains  84*6  p.  c. 
C  and  14-7  H.     {J,  Pharm.  26,  565.) 

Pelletier  &  Walter.  Vol.  Density. 

24  C 144     ....     86-74     ....     85-54     C-vapour  24     ....       9-9840 

22  H 22     ....     13-26     ....     13-23     H-gaa  22     ....       1-5246 

C24H'2        166  100-00     ....     98-77     Naphthol-vapour    2     ....     11-5086 

1     ....       5-7543 

The  sample  analysed  probably  contained  naphthene  as  well  as  naphthol.  (Pelletier 
&  Walter). 
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Oxygen-nucleus  C**H**0*. 

Wormseed  Oil. 

(124H20O2. 

This  oil  belongs  to  the  24:-carbon  group,  and  should  therefore  have 
been  treated  in  this  place,  instead  of  in  vol.  xiv.  p.  316.  Vapour- 
density  6-4  (G'^Il'^O^  =  6-24).  Sp.gr.  of  the  oil  at  13°=  0-9201. 
(Kraut.) 


Onocerin. 

Hlasiwetz.     Wien.  Ahad.  Bei\  15,  162. 

Occurrence.     In  the  root  of  Ononis  spinosa. 


I 


Preparation.  The  root  is  boiled  with  alcohol ;  the  dark  brown 
tinctru-e  freed  from  alcohol  by  distillation  ;  the  residue  evaporated  to  a 
syrup,  and  the  crystals  which  separate  after  some  days  are  collected, 
and  pm-ified  by  pressing,  washing  with  cold  alcohol,  and  recrystal- 
lisation  from  boiling  alcohol,  with  help  of  animal  charcoal. 

Properties.  Small,  hard,  very  light,  capillary  crystals,  having  a  fine 
satiny  lustre.  Tasteles  and  inodorous.  Becomes  strongly  electric  by 
friction.  Melts  when  heated,  and  solidifies  in  the  crystalline  form. 
Neutral. 


24  C 

20  H 

at  100°. 

144     ... 

....     20     ... 

.     80-00     . 
.     11-11     . 

8-89     .. 

Hlasiwetz. 
mean. 

79-84 

11-31 

2  0 

....     16     ... 

8-85 

C24H20O2    ... 

180     ... 

.  100-00     . 

10000 

C^^H^oQ,  according  to  Hlasiwetz,  but  doubled  here  according  to  the  system  of  the 
Handboolc. 

Decomposition.  Gives  off  an  odour  like  that  of  incense  when 
heated ;  hums  with  flame  and  leaves  an  easily  combustible  charcoal.  — 
It  is  scarcely  altered  by  chlorine  at  mean  temperatures,  but  at  higher 
temperatures  it  is  converted,  with  evolution  of  hydrochloric  acid,  into 
chloronocerin. 

Onocerin  is  insoluble  in  ivater ;  scarcely  altered  by  ammonia^  hydro- 
chloric acidf  or  potash-ley.  Its  alcohohc  solution  neither  reduces  nitrate 
of  silver,  nor  precipitates  other  metallic  salts. 

It  dissolves  in  oil  of  vitriol,  forming  a  yellowish  solution,  which  is 
not  altered  by  peroxide  of  manganese. 

It  dissolves  in  boiling  alcohol,  and  is  abundantly  precipitated  by 
water. 

It  dissolves  but  sparingly  in  ether,  easily  in  warm  oil  of  turpentine. 
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Oxyyeii-nuclms  C^*II**0'. 

Parsley-camphor. 

Behne  (1778).     Crell  Chem,  J,  1,  40. 

BoLLE.     Br.  Arch.  29,  168. 

Bley.     N.  Tr.  14,  2,  134 ;  N.  Br.  Arch.  63,  267. 

Blanchet  &  Sell.     Ann.  Pharm.  6,  301 ;  abstr.  N.  Br.  Arch.  24,  208  ; 

Repert.  70,  163. 
Rump.     Repei-t.  56,  21. 
LowiG  «fe  Weidemann.     Pogg.  46,  55  ;  abstr.  N.  Br.  Arch.  24,  208 ; 

Repert.  70,  163. 
Loose.     N.  Br.  Arch.  63,  287. 

Stearoptene  of  til  of  Parsley ,  Petersilien-campher. 

Occurrence.  In  the  herb  and  seed  of  parsley  {Apium  Petroselinum. 
L.),  together  with  volatile  oil.  —  May  be  extracted  from  the  seed  by 
alcohol.     (Rump.) 

Preparation.  The  seed  (Pabitzky,  Brannschw.  Anz.  1754,  1205), 
or  the  fresh  herb  (Dehne),  is  distilled  with  water,  and  the  crystals 
which  separate  from  the  distillate  are  collected  (Bley,  Martins,  Repert. 
39,  246),  pressed  between  blotting  paper  (Bolle,  Rump),  and  recrystal- 
lised  from  alcohol  (Blanchet  &  Sell).  —  The  heavier  oil  which  passes  over 
towards  the  end  solidifies  after  half  a  year's  standing.  (Dehne.)  —  The  camphor  is 
chiefly  contained  in  the  oil  which  distils  over  with  the  water;  but  the  oil  which  goes 
over  in  the  early  part  of  the  distillation,  likewise  solidifies  partially.  (Rump.) — "When 
oil  of  parsley  is  fractionally  distilled  till  the  residue  solidifies,  that  residue  does  not 
contain  any  parsley-camphor,  but  consists  merely  of  resin.  (Lbwig  &  Weidmann.) 
—  The  watery  distillate  of  parsley -seed  deposits,  in  addition  to  the  camphor,  a  yellow 
powder,  formed  from  the  camphor  by  oxidation.     (Loose.) 

Parsley  seed  yields  12'5  per  cent.  {})  of  parsley -camphor  (Pabitsky) ;  0*21  per 
cent.  (Rump). 

Properties.  White,  slender,  six-sided  needles.  (Blanchet  &  Sell.) 
Prisms  2  —  6  inches  long,  with  their  terminal  faces  truncated  (Bley),  and 
having  a  silky  lustre.  (Rump.) — Heavier  tlian  water.  (Bolle.) — Melting 
point  30°.  (Blanchet  &  Sell;  Rump.)  —  Boils,  with  decomposition  at 
about  300°.  (Blanchet  &  Sell.)  —  Not  sublimable  (Blanchet  &  Sell) ; 
partially  (Bley).  —  Solidifies  at  21°  (Blanchet  &  Sell)  ;  at  18°,  however,  if  it 
has  been  previously  heated  to  the  boiling  point  (Blanchet   &  Sell) ;  at  6*3°,  forming 

a  white,  pearly  mass.  (Loose.)  Makes  spots  on  paper,  which  are  difiicult 
to  remove.  (Loose.)  Has  a  faint  odour  of  parsley,  and  a  burning 
camphorous  taste,  with  irritating  after-taste.     Neutral. 

Blanchet  &  Sell. 


24  C 144  ....  64-86  64-62 

14  H 14  ....  6-30  6-39 

8  0 64  ....  28-84  28-99 

CC4H1408  222  ....  100-00  10000 
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Decompositions.  1.  When  heated,  it  melts,  turns  brown,  gives  off  ins- 
tating vapours,  and  volatilises,  depositing  on  the  glass  tube  drops  of 
liquid,  which  solidify  in  the  crystalline  form.  (Bley,  vid.  sup.)  — 
2.  When  set  on  fire,  it  burns  with  a  sHghtly  smoky,  feebly  luminous 
flame.  (Loose.)  —  3.  Detonates  sharply  with  bromine.  —  4.  Triturated 
with  iodine  and  then  warmed,  it  yields  a  brown  viscid  mass  soluble  in 
alcohol.  (Bolle.) — 5.  With  strong  nitric  acid,  it  becomes  heated,  gives 
off  nitrous  acid  and  forms  a  yellowish  solution  (Bolle),  containing  oxalic 
acid  (Rump)  ;  not  containing  oxahc  acid.  (Martins.)  The  solution  mixed 
with  water  deposits  a  yellow  resinous  powder.  (Bolle.)  The  solution  of  the  camphor 
in  fuming  nitric  acid,  the  formation  of  which  is  attended  with  effervescence,  is  not  pre- 
cipitated by  water  or  aqeous  ammonia.     (Bley.)  —  6.    Parslcy-camphor  is    not 

altered  by  cold  oil  of  vitriol,  but  hot  oil  of  vitriol  colours  it  dark  red,  and 
at  higher  temperatures  brown.     (Bley.) 

Combinations.  With  Oxygen "?  —  Parsley-camphor  appears  to  be 
converted,  by  absorption  of  oxygen,  into  a  yellow  body,  which  is 
deposited,  together  with  the  camphor  itself,  in  old  parsley-water. 
(Loose.)  —  This  yellow  body  is  pulverulent,  and  nearly  tasteless,  but 
leaves  a  slightly  bitter  after-taste.  When  heated,  it  melts,  gives  off 
choking  vapours,  loses  its  yellow  colour,  which,  however,  may 
be  restored  by  rubbing,  breathing  upon,  or  moistening  the  solidified 
mass ;  at  a  stronger  heat,  it  sublimes,  and,  when  set  on  fire,  burns 
with  flame,  leaving  a  residue  of  charcoal.  Strong  nitric  acid  colours 
it  yellow  and  then  dissolves  it,  with  evolution  of  nitrous  acid ;  fuming 
nitric  acid  chars  it.  It  dissolves  in  acetic  acid,  also  in  cold  alcohol, 
and  more  freely  in  warm  alcohol,  but  less  so  than  parsley-camphor ; 
the  solution  is  rendered  turbid  by  water.  The  yellow  substance  dis- 
solves in  ether.     (Loose.) 

Parsley- camphor  dissolves  sHghtly  in  cold  water  (Bolle,  Rump); 
more  easily  in  hot  water,  shghtly  in  hydrochloric  acid,  aqueous  potash  and 
ammonia.      (Bley.)      It  is  not  soluble  in  aqueous  potash.     (Bolle,  Loose). 

It  dissolves  readily  in  absolute  alcohol,  less  in  alcohol  of  sp.  gr. 
0*87.  (Bolle.)  This  solution  yields  a  crystaUine  precipitate  with 
water  (Bley),  and  a  yellow  powder  by  spontaneous  evaporation. 

It  dissolves  in  ether,  and  in  oils,  both  fi^ed  and  volatile.  (Bolle, 
Loose.) 


Oxychlorine-nucleus  C^CPH'^O'. 

Chloronocerin. 

C^CPHi80=*. 

Hlasiwetz.      Wien.  Akad.  Ber.  15,  163. 

Chlorine  gas  is  passed  over  onocerin  heated  by  the  water-bath,  and 
the  mass,  which  becomes  somewhat  brown,  fusible  and  amorphous,  is 
pulverised,  and  again  exposed  to  the  action  of  the  chlorine,  which  is 
ultimately  supported  by  heating  the  resin  in  a  salt-bath,  as  long  as 
hydrochloric  acid  continues  to  form.     The  resulting  resinous  mass  is 


I 
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purified  by  repeated  solution  in  ether,  till  it  is  left  by  the  evaporation 
of  the  ether  in  the  form  of  a  white  powder. 

Chloronocerin  melts  on  platinum,  and  bu7^jis  with  an  odour  of  resin 
and  hydrochloric  acid.  —  In  warm  nitric  acid,  it  melts  and  oxidises.  — 
It  is  turned  brownish  by  oil  of  vitriol,  and  afterwards  not  further  altered 
hj  peroxide  of  manganese.  It  is  insoluble  in  neater,  ammonia,  potash-ley  or 
alcohol;  very  easily  in  ether. 


at  100°. 
24  C  144     .        57*8     .... 

Hlasiwetz. 
.. .     57-4 

2  CI 71     ....     28-4     .... 

....     27-5 

18  H 18               7-2 

7*1 

2  0 16     ^-Q     .... 

8-0 

C24C12H1802  249     ....  100-0     ... 

....  1000 

Primary  Nucleus  C**H^. 

Lethal. 

024^2602   ^    C^Ii^,IP-0«. 

Heintz.  Pocjg.  93,  519  ;  abstr.  Ann.  Pharm.  92,  299 ;  Berl.  Ahad.  Ber. 
1854,  562;  J.pr.  Chem.  63,  364;  Pharm.  Centr.  1854,  d07.  — J.  pr. 
Chem.  66,  19. 

Not  obtained  in  the  pure  state.  —  In  the  saponification  of  commercial 
spermaceti,  salts  of  stearic,  palmitic,  myristic,  and  lauric  acids  are 
obtained,  together  with  crude  ethal.  When  the  latter  is  recry staUised 
from  alcohol,  pure  ethal  C^'^H'^O'*  crystallises  out,  whilst  the  homologous 
compounds,  stethal  C^^H^^O^,  methal  C^Hs^O',  and  lethal  C2*H260^ 
remain,  in  smaller  quantity,  in  the  mother-liquors,  inasmuch  as  the 
alcohols  obtamed  from  these  mother-Hquors  (after  removal  of  the  admixed 
fatty  acids  by  repeated  treatment  with  alcoholic  potash  and  addition  of  water)  yield, 
when  heated  to  275"— 280°  with,  potash-lime  as  long  as  hydrogen 
continues  to  escape,  stearic,  palmitic,  myristic  and  lauric  acids. 
(Heintz.)  Compare  also  Scharling(./4«».  Pharm.  96,  236)  &  Heintz's  reply  {Ann. 
Pharm.  97,  271). 


Laurie  Aldehyde. 

Exists,  according  to  Gr.  Wilhams,  in  the  portion  of  volatile  oil  of 
rue  which  distils  at  232°  (see  xiv.  489.). 

Laurie  Aeid. 

Maksson  (1842).     Ann.  Pharm.  41,  33. 
Sthamer.     Ann.  Pharm.  53,  393. 
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GoRGEY.     Ann.  Phmm.  QQ,  303 ;  Pharm  Ccntr.  1849,  8 ;  N.  Ann.  Chim. 

Phys.  25,  102. 
Heintz.     Pogg.  92,  429  &  583;  Berl.   Akad.  Per.  1854,  207:    Ann. 

Pharm.  92,  291;  J.  j^r.    Chem.  62,  349  &  482;  63,   162;  N.  Phil. 

Mag.  J.  9,  74 ;  N.  J.  Pharm.  26,  3U.—Pogg.  93,  519 ;  Perl.  Akad. 

Per.  1854,  562 ;  J.  pr.  Chem.  63,  364  ;  Lieb.  Kopp.  Jahresher.  1854, 

456   &   460.  —  Collection  of   Heintz's  Researches  on   the   Fats  : 

J.pr.  Chem.  66,  1. 
A.  C.  OuDEMANS,  JuN.     J.  pr.  Chem.  81,  356  &  357. 

Laurostearic  acid  (Marsson).     Pichurimtalgs'dure  (Sthamer).     Pekurimsdure. 

Sources.  In  the  fat  of  the  bay-tree  (Marsson) ;  in  the  fat  of  pichu- 
rim  beans  (Sthamer) ;  also  in  the  volatile  oil  of  these  beans.  (Al.  Miil- 
ler,  J.  pr.  Chem.  58,  469.)  In  small  quantity,  together  with  many  other 
acids,  in  spermaceti  (Heintz),  in  croton  oil  (Schlippe,  Ann.  Pharm.  105, 
14),  in  the  fruit  of  Cylicodaphne  sehifera.  (Gorkom,  Tydschrift  f.  Neerl. 
Indie.  81,  410.)  —  In  the  fruit  of  Mangifera  Gabonensis,  the  so-called 
Dika  bread,  together  with  myristic  acid,  but  unaccompanied  by  any 
other  acids.  (Oudemans.)  In  the  Age  or  Axin  of  the  Mexicans,  a 
salve-like  fat  obtained  from  Coccus  Axin.  (Hcppe,  J.  pr.  Chem.  80, 102.) 

In  cocoa-nut  oil.     (Gorgey,  Oudemans.)    This  oil  contains,  according  to 

Brandes  (N.  Br.  Arch.  65,  llo),  a  solid  fat*y  acid,  melting  between  25°  and  27°  = 
cocinic  acid,  or,  according  to  Pelouze  &  Bondet,  elaidic  acid.  Bronieis  {Ann.  Pharm. 
35,  277)  designated  the  acid  melting  at  35°,  obtained  by  repeatedly  crystallising  the 
fatly  acids  of  cocoa-nut  oil,  as  cocostearic  acid,  and  assigned  to  it  the  formula  C^H^'O*, 
which  Heintz  (who  thought  that  he  had  previously  IPogg.  87,  21,  and  267]  found  this 
acid  in  spermaceti),  by  calculating  from  the  new  atomic  weight  of  carbon,  altered  to 
(;26jj2604.  The  latter  acid  Heintz  designates  as  cocinic  acid.  St.  Evre's  cocinic  acid 
(iV.  Ann.  Chim.  Phys.  20,  91),  likewise  from  cocoa-nut  oil,  is  prepared  as  follows: — 
The  oil  is  saponified  ;  the  acids  separated,  pressed,  crystallised  from  alcohol,  dissolved  in 
soda-ley,  and  precipitated  with  acetate  of  lead ;  the  precipitate  exhausted  with  ether ; 
and  the  residue  decomposed  by  tartaric  acid.  According  to  St.  Evre,  it  is  composed  of 
C^^H^^O"*,  and  melts  at  34*7°.  But  according  to  the  investigations  of  Gorgey  and  Oude- 
manns,  which  agree  with  each  other,  cocoa-nut  oil  does  not  contain  any  acid  po.  sessiug 
the  properties  assigned  by  Brandes,  Bromeis,  or  St.  Evre  to  cocinic  acid ;  the  oil  appears 
rather  to  contain  small  quantities  of  palmitic  and  myristic  acids,  together  with  large 
quantities  of  lauric,  capric,  caprylic,  and  caproic  acids,  the  last  two  having  been  pre- 
viously found  in  it  by  Fehling.  Respecting  the  former  results,  see  Oudemans  (/.  pr. 
Chem.  81,  367.) 

Formation.  By  heating  ethal  with  potash-lime  to  275°  —  280°, 
(Heintz,  Scharling.)  According  to  Heintz,  it  is  produced  only  from  mixed  (crude) 
ethal,  inasmuch  as  this  substance  contains  lethal  (p.  43). 

C24H2602  +  KO,HO  =  C24H23K04  +  HM  Heintz)  J 

but,  according  to  Scharling,  it  is  obtained  from  the  ethal  itself  C^-H^^O^,  which,  accord- 
ing to  him,  is  decomposed  by  heating  with  potash-lime,  in  such  a  manner  as  to  yield 
stearic,  palmitic,  myristic,  lauric  and  butyric  acids.  (Scharling,  Ann.  Pharm.  96,  236 ; 
Heintz,  Ann.  Pharm.  97,  271.) 

Preparation.  1.  From  Bay -fat.  Laurostearin  from  01.  lawin 
unguinos.  Is  saponified  with  potash-ley,  the  soap  is  separated  by 
common  salt,  and  its  hot  aqueous  solution  is  decomposed  with  tartaric 
acid.  The  lauric  acid  then  rises  to  the  surface  in  the  form  of  an  oil 
which  soHdifies  on  cooling,  and  is  freed  from  adhering  tartaric  acid  by 
repeated  fusion  with  water.     (Marsson.) 
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2.  From  Pichurim  beans.  Laurostearin  from  Fabce  pichuriin  maj.  is 
saponified  with  potash-ley  till  a  clear  soap-jelly  is  formed ;  common 
salt  is  added,  and  the  white,  brittle  soda-soap  thus  produced  is 
dissolved  in  boiling  water,  and  supersaturated  at  the  boiling  heat 
with  hydrochloric  acid ;  lauric  acid  then  rises  to  the  surface  as 
a  colourless  oil,  which  on  cooling  solidifies  to  a  white  crystalline  mass. 
It  is  freed  from  hydrochloric  acid  by  repeated  washing  with  water 
and  purified  by  repeated  crystallisation  from  weak  alcohol.    (Sthamer.) 

3.  From  Cocoa-nut  oil.  The  oil  is  saponified  Avith  weak  potash-ley  ; 
the  soap  decomposed  by  dilute  sulphuric  acid,  and  the  mixture 
distilled  as  long  as  fatty  acids  pass  over,  the  water  being  repeatedly 
poured  back.  The  distillate  neutralised  with  potash  sohdifies  on 
evaporation  to  a  gelatinous  soap,  which  is  separated  by  common  salt, 
repeatedly  dissolved  in  potash,  and  again  separated  with  salt,  to  free  it 
from  the  fatty  acids  which  can  be  thus  removed,  and  again  decomposed 
with  dilute  sulphuric  acid.  It  is  then  neutrahsed  with  ammonia ;  the 
solution  precipitated  by  chloride  of  barium;  the  liquid  strained  off;  and 
the  baryta-salts  which  remain  repeatedly  boiled  with  water.  The 
resulting  solutions,  as  they  run  from  the  funnel,  immediately  deposit 
loose  flocks  of  laurate  of  baryta,  and  the  liquid,  as  it  cools  down, 
becomes  turbid  and  deposits  pulverulent  caprate  of  baryta.  (Gorgey ; 
eomp.  also  Prep,  5.) 

4.  From  Spermaceti.  The  saponification  of  this  substance  yields,  besides 
ethal,  considerable  quantities  of  stearic,  palmitic,  and  myristic  acids,  and  smaller 
quantities  of  lauric  acid — The  solution  of  10  Ibs.  of  purified  spermaceti  in 
30  lbs.  alcohol  is  boiled  for  some  time  with  4|-  lbs.  caustic  potash 
previously  dissolved  in  alcohol ;  the  solution  precipitated  with  aqueous 
chloride  of  barium,  and  strained  while  hot ;  the  still  warm  residue 
pressed  as  strongly  as  possible  in  a  warmed  press ;  then  well  moist- 
ened with  alcohol  and  again  pressed ;  the  alcohol  distilled  off  from  the 
solutions ;  the  residue  freed  from  the  whole  of  the  soluble  matter  by 
repeated  treatment  with  ether;  and  the  portion  insoluble  in  ether 
added  to  the  baiyta-salts  previously  obtained.  In  this  manner  are 
obtained,  on  the  one  hand,  crude  ethal,  on  the  other,  the  baryta-salts 
of  the  fatty  acids  of  spermaceti. 

The  baryta-salts  suspended  in  water  are  boiled  with  very  dilute 
hydrochloric  acid,  till  the  supernatant  oily  layer  appears  perfectly 
clear;  the  fatty  acids  thus  obtained  are  dissolved  in  alcohol;  the  so- 
lution is  left  to  cool ;  and  the  crystals  which  separate  are  pressed,  first 
alone,  then  several  times  after  being  moistened  with  alcohol,  whereby 
a  mixture  of  palmitic  and  stearic  acids  is  obtained,  while  a  portion  of 
these  two  acids  and  the  whole  of  the  myristic  and  lauric  acids 
remain  in  solution. 

The  whole  of  tlie  mixed  alcoholic  solutions  are  heated  ;  a  concen- 
trated aqueous  solution  of  acetate  of  magnesia  is  added,  so  as  to 
precipitate  about  2^  of  the  quantity  of  f att}^  acids  present ;  the  pre- 
cipitate which  forms  on  coohng  is  separated  by  filtration ;  acetate  of 
magnesia  is  added  to  the  filtrate  in  about  the  same  quantity  as  before ; 
and  the  same  treatment  is  repeated  (the  liberated  acetic  acid  being 
neutralised  towards  the  end  with  ammonia),  till  acetate  of  magnesia 
no  longer  forms  any  precipitate,  even  in  presence  of  excess  of  ammonia. 
In  this  manner  a  number  of  magnesia-salts  (19)  are  obtained,  from 
which  stearic,  palmitic  and  myristic  acids  may  be  separated,  by  pro- 
cesses to  be  hereafter  described  in  connection  with  these  acids. 
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The  alcoholic  solution,  from  which  everything'  precipitable  by- 
acetate  of  magnesia  in  presence  of  excess  of  ammonia  has  been  thus 
removed,  still  retains  lauric  acid  together  with  myristic  and  oleic  acids. 
It  is  precipitated  with  acetate  of  lead ;  the  precipitate  is  washed  with 
dilute  alcohol,  dried,  and  freed  from  a  small  quantity  of  oleate  of  lead,  by 
treatment  with  ether ;  and  the  undissolved  portion  is  decomposed  by 
prolonged  and  repeated  boiling  with  very  dilute  hydrochloric  acid, 
whereby  a  mixture  of  acids  melting  at  39*7°  is  separated.  By  repeatedly 
crystallising  this  mixture  from  alcohol,  as  long  as  the  separated  acid 
exhibits  a  rise  of  melting  point,  lauric  acid  is  ultimately  obtained, 
melting  at  43 "6°,  and  not  capable  of  further  decomposition  by  partial 
precipitation  with  acetate  of  baryta,  while  myristic  acid  remains  in 
solution.     (Heintz.) 

5.  From  spermaceti  or  other  fats  containing  lauric  acid,  provided  they  are  free 
from  oleic  acid,  or  this  acid  has  been  removed  by  the  process  to  be  described  below. — 

The  fat  is  saponified  with  (alcoholic)  potash  ;  the  fatty  acids  are  sepa- 
rated from  the  ethal  or  the  glycerin,  as  above  described,  and  dissolved 
in  10  pts.  of  hot  alcohol ;  the  solution  is  left  to  cool  slowly  in  a  cellar; 
and  the  fatty  acids  which  crystallise  out  are  separated  by  filtration 
and  pressure.  The  mother-Uquor  is  diluted  with  an  equal  quantity  of 
boihng  alcohol  and  supersatm-ated  with  ammonia ;  acetate  of  magnesia 
is  added  in  excess  to  remove  a  certain  portion  of  the  fatty  acids  ;  the 
alcohol  distilled  off  from  the  filtrate ;  the  remaining  salts  decomposed 
by  boiling  with  dilute  hydi-ochloric  acid;  the  separated  acids  re- 
dissolved  in  a  quantity  of  hot  alcohol  sufiScient  to  retain  them  in 
solution  after  cooling;  and  a  concentrated  solution  of  acetate  of 
baryta,  equal  to  about  -^  of  the  weight  of  the  fatty  acids,  is  repeatedly 
added,  as  long  as  a  precipitate  is  thereby  formed  on  cooling.  The 
precipitates  last  obtained,  which  contain  chiefly  lauric  acid,  are  sepa- 
rately decomposed  by  boiling  dilute  hydrochloric  acid,  and  each  portion 
of  acid  thereby  liberated,  whose  melting  point  hes  above  43*6°,  is  se- 
parately and  repeatedly  crystallised  from  diluted  alcohol  till  its  melting 
point  has  risen  to  43'6°.     (Heintz.) 

If  the  fat  contains  oleic  acid,  it  is  saponified,  the  fatty  acid  is  sepa- 
rated and  mixed  with  a  small  quantity  of  hot  alcohol,  and  the  sohd 
portions  are  removed  by  submitting  the  cooled  mass  to  pressure. 
The  mother-hquor  (together  with  the  alcohol  used  for  washing  the 
separated  acids)  is  precipitated  with  ammonia  and  neutral  acetate  of 
lead ;  the  washed  and  dried  lead-salts  are  completely  freed  from 
oleate  of  lead  by  means  of  ether ;  the  undissolved  portion  is  decom- 
posed by  boiUng  hydrochloric  acid ;  and  the  separated  fatty  acids  are 
treated  as  above.  (Heintz.)  In  this  manner  pure  lauric  acid  is 
easily  obtained  from  cocoa-nut  oil  (which,  according  to  Oudemans,  does 
not  contain  oleic  acid).  If  the  acids  dissolved  in  alcohol  be  precipitated 
in  small  portions  with  acetate  of  baryta,  the  first  portions  contain 
palmitic  and  myristic  acids,  and  from  the  remaining  liquid,  lauric 
acid  may  be  obtained  by  repeated  fractional  precipitation  or  by  crys- 
tallisation in  the  cold.     (Oudemans.) 

Pf'operties.  Laurie  acid  solidifies  after  fusion  to  a  scaly  crystalline 
mass,  exhibiting  a  laminated  texture  on  the  fractured  surface. 
(Heintz.)  Brittle.  (Sthamer.)  Crystallises  from  alcohol  (only  from 
weak  alcohol  according  to  Sthamer,  from  strong  alcohol  not  till 
coo1(m1  to  0°:  Gorgey,  Heintz)  ;  in  white,  silky  needles,  united  in  tufts 
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(Sthamer) ;  in  prickly  glandular  masses  of  the  size  of  hazel-nuts 
(Gorgey) ;  in  nearly  translucent  scales  (Heintz).  It  melts  to  a  colour- 
less oil  at  43-6°  (Heintz),  42°— 43°  (Marsson,  Gorgey),  43°  (Sthamer), 
45°  (Miiller),  43-8°  (Schlippe),  43*5°  (Oudemans).  —  The  alcohohc 
solution  has  a  slight  acid  reaction.  Sp.  gr.  0*883  at  20°.  (Gorgey.) 
When  boiled  with  water,  it  volatiUses  with  the  vapour.  (Gorgey, 
Oudemans.) 


Marsson. 

Sthamer. 

Gorgey. 

Heintz. 

Oudemans. 

mean,      at  120" 

a.              b. 

.    72-01....    72-00 

.    12-18....    12-17 

.    15-81  ....    15-83 

24  C  

24  H 

4  0  

.144  .. 
.   24.. 
..  32  .. 

.    72-00. 
.    12-00. 
.    16-00. 

..    72-09. 
..    12-04. 

..    15-87. 

..    72-06.. 
..    11-93.. 
..    16-01  .. 

..    71-88.. 
..    11-95. 
..    16-17. 

..    71-92.. 
..    12-08.. 
..    16-00  . 

C24H2404. 

..200  .. 

.  100-00 . 

...  100-00  . 

..10000.. 

..  100-00  .. 

..  100-00  .. 

.  100-00  ....  100-00 

Marsson  analysed  lauric  acid  from  the  fat  of  the  hay-tree ;  Sthamer,  that  from 
pichurim  beans  ;  Gorgey,  that  from  cocoa-nut  oil;  Heintz,  that  from  spermaceti;  Oude- 
mans, a.  that  from  Dika  bread ;  b.  that  from  cocoa-uut  oil.  On  the  formula,  see  also 
Pohl  {Wien.  AJcad.  Ber.  10,  485.) 

Isomeric  with  hordeic  acid. 

By  the  distillation  of  its  lime-salt,  lauric  acid  is  resolved  into  lau- 
rostearone  and  carbonate  of  lime.     (Overbeck.) 

2C24H2^04  =  C*6Hi602  +  2C02  +  2  HO. 

Lauric  acid  is  perfectly  insoluble  in  water.     (Heintz.) 

Laurate  of  Soda.  —  Lauric  acid  is  added  to  a  boiling  concentrated 
solution  of  carbonate  of  soda,  perfectly  free  from  sulphate  and  chloride, 
in  quantity  not  quite  sufficient  for  complete  saturation ;  the  liquid  is 
evaporated  over  the  water-bath ;  the  soap  which  remains  is  dissolved 
in  absolute  alcohol,  and  the  filtrate  is  evaporated  to  dusty  dryness. 
(Marsson,  Sthamer.)  —  White  powder,  whose  alcoholic  solution  sohdi- 
fies  on  cooling  to  a  white  opaque  jelly.  (Sthamer.)  The  alcohohc 
solution  becomes  turbid  when  largely  diluted  with  water.     (Marsson.) 


Marsson. 

A.  Muller. 

at  100°. 

at  100°. 

NaO  

....     31     . 

...     13-96 

...     13-86 

...     13-69 

C24H.2303    

....  191     . 

...     86-04 

C24NaH2304  .... 

....  222     . 

..  100-00 

Laurate  of  Baryta. — Preparation  (p.  45).  Fine,  light,  white  nacreous 
powder,  consisting  of  microscopic  laminae.  (Heintz.)  —  Light,  thin 
nacreous  laminee,  presenting  under  the  microscope  the  appearance  of 
tables  made  up  of  slender  crystalline  needles,  somewhat  curved.  (A. 
Miiller.)  Crystallises  on  cooling  from  a  boiling  saturated  aqueous  solu- 
tion in  snow-white  flakes.  The  saturated  alcohohc  solution  becomes  filled, 
on  cooling,  with  delicate  crystalline  spangles,  which,  after  drying  at 
100°,  resemble  caprate  of  baryta.  (Gorgey.)  It  is  wetted  by  alcohol  and 
ether,  but  not  by  water.  (Gorgey.)  — Dissolves  in  10,864  pts.  of 
water  at  17*5°,  in  1982  pts.  boiling  water,  in  14G8  pts.  cold  and  211  pts. 
hot  alcohol.     (Gorgey.)     Decomposes  before  melting.     (Heintz.) 
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24  C    

23  H   

...   144 
.     23 

...     53-81     . 
..       8-60     . 
..       8-97     . 
..     28-62     . 

Gorgey. 
...     53-93     . 
...       8-67     , 
...       8-95     . 
...     28-45     . 

Heintz. 

...     53-65     .. 

8-60     .. 

...       9-34     .. 

...     28-41      .. 

F.  Hoppe. 

54-48 

8-61 

3  O   

...     24 

9-25 

BaO   

...     76-6    . 

27-66 

C2''H23Ba04.... 

...  267-6     . 

...  100-00     . 

...  100-00     . 

...  100-00     .. 

100-00 

Contains  28*82  per  cent,  baryta  (Al.  MUUer). 

Laurate  of  Lime.  —  White  precipitate,  obtained  by  mixing  the  solu- 
tions of  laurate  of  soda  and  chloride  of  calcium. 

Laurate  of  Lead.  —  Snow-white,  loose,  amorphous  powder,  (Heintz.) 
Laminae,  having-  a  beautiful  nacreous  lustre.  (Miiller.)  Melts  between 
110°  and  120°,  and  solidifies  to  a  dull,  amorphous  mass.  (Heintz.) 
Melts  below  100°  to  a  colourless  liquid,  which  solidifies  in  the  crys- 
talline form  on  cooling.  (Miiller.)  Insoluble  in  water.  Insoluble  in 
cold,  sparingly  soluble  in  boiling,  alcohol.     (Miiller.) 


24  C 

23  H 

....  144 
....     23 

..     47-59     . 
...       7-60     . 
...     34-24     . 
..     10-57     . 

Heintz. 
...     47-03 
...       7-59 
...     34-49     ... 
...     10-89 

MUller. 

Pb    

4  O 

....  103-8     . 
....     32 

....     34-22 

C24H23pb04     .. 

....  302-8     . 

..  100-00 

...  100-00 

i 


Laurate  of  Copper.  —  Obtained   by  precipitating   the   hot   alcoholic 
solution  of  the  soda-salt  with  aqueous  sulphate  of  copper.   (Oudemans.) 


24  C 

....   144 

..     62-34     . 
...       9-95     . 
..     17-31     . 

..     10-40     . 

Oudemans. 
62-34 

23  H 

....     23     . 

10-03 

CuO 

3  O 

....     40     . 
....     24     . 

17-24 

10-39 

C2^H23Cu04  .... 

. ...  231     . 

...  100-00     . 

100-00 

Laurate  of  Silver.  —  The  solution  of  the  soda- salt  in  weak 
alcohol  is  precipitated  with  nitrate  of  silver,  and  the  bulky  preci- 
pitate is  collected,  washed,  and  dried.  (Marsson,  Sthamer.)  A¥hite 
powder,  consisting  of  slender  microscopic  needles.  (Heintz.)  Dis- 
solves easily  in  ammonia,  and  crystallises  from  the  hot  concentrated 
solution  in  very  small  needles.  (Marsson.)  Not  altered  by  light 
(Marsson),  scarcely  (Sthamer,  Heintz.)  Decomposes  before  fusion. 
(Heintz.) 


C24H23Ag04 307 


100-00 


100-00 


100-00 


24  C    

23  H    

144     .. 

23     .. 

.     46-91 
..       7-49 
..     35-18 
..     10-42 

Marsson. 
at  100°. 
...     47-34 
....       7-58 
....     34-68 
....     10-40 

Sthamer. 
at  100°. 
...     47-01 
...        7-48 
....     35-16     . 
....     10-35 

Heintz. 

...     46-69 
...       7-48 
...     35-21 
...     10-62 

Oudemans. 

47-60 

7-84 

Ag 

4  O 

108     .. 

32     . 

34-82 

9-74 

100-00    100-00 


Laurie   acid    dissolves   very   easily   in    strong   alcohol   and   ether. 
(Marsson  &  Sthamer.) 
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Hordeic  Acid. 

Fr.  Beckmann.    J",  j^r.   Chem.  G6,  52 ;   abstr.   N.   Ann.    Chim.   Phys. 
46,  226. 

When  dried  barley  is  heated  with  oil  of  vitriol  and  water,  as  in 
Emmet's  method  of  preparing  formic  acid  (vii.  273),  hordeic  acid 
passes  over  together  with  aqueous  formic  acid  and  furfurol,  and  sepa- 
rates from  the  distillate  in  white  laminae.  These  are  collected, 
washed,  repeatedly  crystallised  from  alcohol,  and  freed  from  water  by 
fusion  in  an  air-bath. 

Properties.  White  crystaUine  laminse,  melting  at  60°  to  a  colourless 
oil,  which  sohdifies  at  55''.  Permanent  in  the  air.  Makes  grease 
spots  on  paper.     Acid. 


24  C 

24  H 

....  144     . 
....     24     . 

..     72-00     . 
..     12-00     . 
..     16-00     . 

Beckmann. 

71-31 

12-G8 

4  O 

....     32     . 

16-01 

C-'4H2404   ... 

....  200     . 

...  100-00     . 

100-00 

So,  according  to  Beckmann.  Wurfz  {N.  Ann.  Chim.  Phys.  46,  226),  rightly  regards 
the  separate  identity  and  the  formula  of  this  acid  as  doubtful. — Isomeric  with  lauric 
acid. 

Decompositions.  Burns,  without  residue,  when  heated  on  platinum 
foil.  —  Not  altered  by  cold  oil  of  vitriol,  but  carbonised  by  that  liquid 
when  hot.     Decomposed  by  hot,  but  not  by  cold  7iitinc  acid. 

Combinations.  Insoluble  in  water.  In  contact  with  alkalis  or  their 
carbonates,  it  forms  salts  which  dissolve  in  water  and  alcohol,  forming 
solutions  which  froth  Hke  soap  and  arc  precipitated  by  common  salt. 

Hordeate  of  Silver.  Obtained  from  the  ammonia-salt  by  precipitation 
with  nitrate  of  silver.  Contains  34-79  p.  c.  silver,  (calc.  C'^AglP'O* 
=  35-18  p.  c.  Ag.) 


Conjugated  Compoiuuh  of  Laurie  Acid. 

Laurate  of  Ethyl. 

C^^H^sO*  -  C^H230SC*IPO. 

A.  GoRGEY.  Ann.  Pharm.  QQ,  306  ;  Pharm.  Centr.  1849,  8 ;  JSt.  Ann, 
Chim.  Phys.  25,  102 ;  Lieh.  Kopp.  Jahresh.  1847  —  1848,  560. 

Delffs.  N.  Jahrh.  Pharm.  1,  25;  Ann.  Pharm.  92,  277;  Pharm. 
Centr.  1854,  276;  Lieb.  Kopp.  Jahresb.  1854,  26  and  458. 

Pichuraie  of  Ethyl,  Laurie  or  Pichuric  ether,  Pichurimtalgsaiires  ^thyloxycl, 
Laurinvinester. 

VOL.  XV.  E 
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Separates  partially  when  hydrochloric  acid  gas  is  passed  into 
alcoholic  lauric  acid,  completely  on  subsequent  addition  of  water,  in 
the  form  of  an  oil,  which  is  washed  with  water  containing  soda,  then 
with  pure  water,  dried  over  chloride  of  calcium,  and  rectified. 

Transparent,  colourless  oil,  which  becomes  viscid  in  the  cold,  and 
sohdifies  to  a  compact  mass  at —  10°.  Sp.  gr.  0*86  at  20°.  (Gorgey.) 
0*8671  at  19°.  (Delffs.)  Boils  at  269°,  when  the  barometer  stands  at 
0-75  met.  (Delffs),  at  264°,  with  partial  decomposition  (Gorgey). 
Has  an  agreeable  fruity  odour,  and  a  sweetish  mawkish  taste.  Yapour 
density  =  8*4.     (Gorgey.) 


28  C 

28  H 

168     . 

28     . 

..     73*68     . 
..     12-28     . 
..     14-04     . 

..     73-41 
..     12-42 
..     14-17 

73*10 

12-45 

4  O       

32     . 

14-45 

C24Ii2303^C''H50 

C-vapour  . 

H-gas    

O-gas    

228     . 

Volume. 

..  100-OG     . 

28  

28  

2  

..  100*00 

100-00 

Density. 
11-6480 

1-9404 

2-2186 

I 


Vapour  of  Laurate  of  Ethyl    2  15-8070 

7-9035 


Laurie  ether  is  insoluble  in  wate?',  sparingly  soluble  in  alcoliol,  but 
dissolves  in  all  proportions  in  ether.     (Delffs.) 


Laurostearin. 
C64H«>08  =  C'5H*02,2C2*H230^ 

Marsson.  A7in.  Pharm.  41,  330. 
Sthamer.  Ann.  Pharm.  53,  390. 
BoLLEY.     Ann.  Pharra.  106,  229  ;  J.  i>r.  Chem.  74,  448. 

Pichurimfett,  Pichurimtalg  vid.  pp.  44,  45. 

Sources.  In  bay -berries  (Marsson) ;  in  pichurim-beans  (Sthamer) ; 
in  cocoa-nut  oil,  inasmuch  as  this  oil  when  saponified  yields  lauric 
acid.     (Gorgey,  Ann.  Pharm.  &Q),  298.) 

Preparation  1.  From  Bay-lerries.  The  pulverised  berries  are 
boiled  three  or  four  times  with  alcohol,  pressed  hot,  and  filtered  as 
hot  as  possible.  After  24  hours,  the  whole  of  the  laurostearin 
separates  from  the  filtrate  as  a  whitish,  yellow,  curdy  mass.     The 

supernatant  liquid  still  contains  a  very  small  quantity  of  laurostearin  dissolved  in  a 
large  quantity  of  green  oil,  from  which  it  is  difficult  to  separate.  It  is  purified  by 
washing  with  cold  alcohol,  recrystallisation  from  hot  alcohol  and 
pressure  between  bibulous  paper.  After  this  treatment,  it  stiU  retains 
resin  which  may  be  separated  by  filtering  the  fused  mass.  (Marsson.) 
2.  From  Commercial  Oil  of  Bay.  The  oil  is  exposed  to  sunshine  on 
porcelain  plates  covered  with  glass  shades,  whereupon  the  green 
colour  soon  disappears,  and  brown  hard  lumps  of  laurostearin  separate 
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from  the  mass  of  fat  melted  by  the  sun's  heat ;  these  are  separated  by- 
filtration,  dissolved  in  alcohol  and  obtained  of  a  pure  white  by 
evaporation  or  by  precipitation  with  water.     (Bollej^) 

3.  From,  Pichurim-heans.  Fabce  pichwim  major,  slyo  exhausted  with 
cold  alcohol  (which  extracts  volatile  oil,  pichurim-camphor,  resin,  a  but- 
tery fat  and  a  brown  colouring  matter) ;  and  the  exhausted  beans  are 
boiled  with  alcohol  of  81  p.  c.  and  pressed  between  hot  plates.  The 
expressed  Hquid,  as  it  cools,  deposits  pale-  yellow  laurostearin,  only  a 
small  quantity  of  that  substance  remaining  dissolved  in  the  alcohol. 
It  is  purified  by  washing  with  cold  alcohol,  pressure,  and  recrystaUisa- 
tion  from  ether-alcohol.     (Sthamer.) 

Properties.  Snow-wiiite,  loosely  coherent  mass,  consisting  of  needles 
arranged  in  stellate  groups.  (Marsson.)  It  crystaUises  from  hot 
alcohol  in  stellate  or  arborescent  groups  of  needles  ;  from  the  ethereal 
solution  by  spontaneous  evaporation  in  needles  grouped  in  tufts. 
(Sthamer.)  Melts  between  44°  and  45°,  and  on  coohng  solidifies  in  a 
non-crystalline  brittle,  friable  mass,  resembling  stearin.  (Marsson.) 
Melts  between  45°  and  46°,  and  soHdifies  at  23°.  The  solidification 
begins  with  the  formation  of  small  white  scaly  bodies  with  concave  surfaces  which 
afterwards  run  together.  The  whole  then  forms  a  white  mass  resembling  stearin,  and 
having  its  surface  indented  with  small  depressions  of  uneven  surface.  These  hollows 
when  examined  with  a  lens,  are  seen  to  contain  needle-shaped  crystals,  arranged  con- 
centrically and  radiating  from  the  lowest  point.  The  masS  is  brittle,  odourless 
and  friable.     (Sthamer.) 


54  C    

50  H  

....  324     . 
....     50     . 

..     73-97 
...     11-41 
..     14-62 

Marsson. 

a. 

....     73-88     .. 

...     11-65     ,. 

....     14-47     .. 

Sthamer. 
b. 

74-01 

11-36 

8  0 

....     64     . 

14-63 

C54H50O3    ... 

....  438     . 

..  100-00 

....  100-00     .. 

100-00 

a.  From  bay-berries;  b.  from  pichurim-beans.  Weltzien  (Si/st.  Zusammcnst. 
559),  gives  the  formula  C^^tP^oio^  which,  however,  requires  7r05  per  cent.  C,  and 
11-4  H.     See  also  Pohl  {Wien.  AJcad.  Ber.  10,  485). 

Deco?npositions.  Laurostearin  burns  with  a  bright  flame  (Sthamer). 
By  drt/  distillation  it  yields  acrolein  (Marsson,  Sthamer),  a  solid  fat 
crystallisable  from  ether  (Marsson),  but  no  sebacic  acid  (Stharoer). 
—  May  be  saponified  with  tolerable  faciUty  by  potash^  yielding  a 
gelatinous  soap.  (Marsson.)  It  is  decomposed  by  digestion  with 
basic  acetate  of  lead,  with  separation  of  glycerin.  (Sthamer.)  It  dissolves 
with  difficulty  in  cold,  more  readily  in  hot  alcoliol,  whence  it  crystal- 
hses  on  cooling.     Dissolves  readily  in  ether. 


Laurostearone. 

!  OVERBECK.      Pofjg.  85,  591. 
Latirone. 

When   lauratc    of   lime  is   subjected  to  dry  distillation  hi  small 
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portions,  laurostearone  passes  over  in  colourless  drops  which  solidify  in 
the  neck  of  the  retort.  As  soon  as  brown  drops  appear,  the  distil- 
lation is  interrupted,  and  the  resulting  mass  is  crystallised  from 
anhydrous  alcohol,  with  addition  of  animal  charcoal. 

DazzHng  white  scales,  melting  at  66°,  and  then  solidifying  in  a 
crystalline  mass.     Becomes  strongly  electric  by  friction. 


46  C 

46  H 

2  0 

....  276     . 
....     46     . 
....     16     . 

..     81-65     . 
..     13-61     . 
...      4-74     . 

Overbeck. 
...     81-42     ....     81-04 
..     13-82     ....     14-10 
4*76     ....       4-86 

C^«H^602  .... 

....  338     . 

..  100-00     . 

..  100-00     ....  100-00 

Appendix  to  Laurie  Acid. 

Bay-berry  Camphor. 

C44H30O6. 

BoNASTRE  (1824).     J.  Pliarm.  10,   32;   abstr,  Bepert.   17,    190,   Br. 

Arch.  13.  195. 
Delffs.     J.  pr.  Chem.  58,  434  ;  Ann.  Pharm.  88,  354. 

Laurin,  LorheercamjjTier. — Discovered  by  Bonastre  in  bay-berries.  The  nearly 
inodorous  pichurim-camphorj  scarcely  soluble  in  alcohol,  which,  according  to  Bonastre 
{J.  Pharm.  11,  3),  crystallises  from  the  volatile  oil  of  pichurim-beans,  is,  according  to 
Gerhardt  {Traite,  4,  309),  perhaps  bay-tree  camphor. — Marsson  [Ann.  Pharm.  41,329), 
by  following  Bonastre's  directions,  did  not  obtain  any  bay-tree  camphor.  Delffs,  on  the 
other  hand,  obtained  it  both  from  fresh  and  from  old  bay-berries. 

Preparation.  Shelled  and  pulverised  bay -berries  are  boiled  two  or 
three  times  with  alcohol  of  85 — 90  per  cent. ;  the  solution  is  filtered  at 
the  boiling"  heat ;  the  crj'-stals  of  laurostearin,  which  separate  from  the 
filtrate  after  two  or  three  hours,  are  removed  by  a  second  filtration,  and 
the  filtrate  is  left  to  evaporate  in  the  air.  The  crystals  which  separate 
therein,  together  with  oil-drops,  are  taken  out  from  time  to  time, 
pressed  between  paper,  to  remove  the  gradually  thickening  oil,  and 
crystallised  from  alcohol.  (Delffs.) — Bonastre  exhausts  bay -berries 
with  absolute  alcohol ;  concentrates  the  extracts  strongly  till  they 
separate  into  an  oily  and  an  alcoholic  layer,  and  purifies  the  crystals 
wliich  separate  from  both,  by  washing  and  recrystaUisation  from 
alcohol. 

.  Properties.  Dazzling  white  right  rhombic  prisms,  with  a  dome 
resting  on  the  acute  edges,  and  dull  or  rough  faces.  (Delffs.)  Needle- 
shaped  rhombic  octahedrons,  having  the  angles  of  the  base  equal  to 
60°  and  120°.  (Bonastre.)  Translucent,  grates  between  the  teeth, 
melts  when  heated  (Bonastre).  Tasteless  and  inodorous  (Delffs); 
tastes  bitter  and  sharp  (Bonastre).     Neutral, 


44  C 

30  H 

....  264     . 
....     30     . 

..     77-20     ... 
..       8-77     ... 
..     14  03     .. 

Delffs. 

76-85 

8-89 

6  0    

.  .     43     . 

....     14-26 

C44H30O0    ... 

....  342     . 

..  100-00     ... 

100-00 

According  to  Delffs,  it  is  Qrm^^OK 
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Decompositions.  1.  Volatilises  almost  completely  with  resinous 
odour  when  heated,  completely  when  thrown  on  red-hot  coals. 
Ecsolved  by  dry  distillation  into  water,  —  a  yellow  empyreumatic  oil 
soluble  in  alcohol, — gases, — and  a  small  residue  of  spongy  charcoal. — 
2.  Not  decomposed  by  nitric  acid. — 3.  Oil  of  vitriol  colours  it  orange- 
yellow.     (Bonastre.) 

Insoluble  in  ivater.  It  imparts  to  boiling  water  a  bitter  taste 
(Bonastre)  ;  no  taste  (Delffs). — The  alcohohc  solution  of  bay-beriy 
camphor  does  not  precipitate  neutral  acetate  of  lead,  or  nitrate  of  silver. 
(Delffs.) 

The  camphor  dissolves  sparingly  in  cold  alcohol,  easily  in  boiling 
alcohol  and  in  ether.    (Bonastre.) 


Primary  Nucleus  C^W^ ;  Oxijgen-nucleus,  C^*K^®0®, 

Sapogenin. 

Fremy.     (1835.)    Ann.  Chim.  Phjs.  58,  102;   Ann.  Pharm.  lb,    187; 

J.  pr.  Chem.  3,  393 ;  abstr.  J.  Pharm.  20,  243. 
(^L'EVENNE.     J.  Pharm.  23,  272. 
liOCHLEDEK  &  ScHWARz.     Wicu.  Acad.  Per.  11,  338. 
A.  OvERBECK.     N.  Br.  Arch.  77,  134. 
iioLLEY.     Ann.  Pharm.  90,  211,  and  91,  117. 

Fremy,  in  1835,  obtained  his  esculic  acid  by  the  decomposition  of  saponin  from 
horse-chestnuts  and  from  Saponaria.  Quevenne  regarded  iheAcide  polygalique  modifie 
obtained  by  the  decomposition  of  senegin  from  Polygala,  as  allied  to  Fremy's  acid, 
AYithout,  however,  demonstrating  the  identity  of  the  two.  Both  these  bodies,  together 
with  Overbeck's  Saporetin,  are  regarded  as  identical  by  Bolley,  who  unites  them  under 
tlie  name  Sapogenin. — Rochleder  &  Schwarz  regard  sapogenin  from  Saponaria  as  iden- 
tical with  quinovin ;  but  this  view  is  rendered  improbable  by  the  more  recent  investiga- 
tions of  Hlasiwetz  {Ann.  Pharm.  Ill,  182). — We,  here,  with  Bolley,  regard  the  sapo- 
genin resulting  from  decomposition  as  identical  with  the  bodies  obtained  by  Fremy  and 
Quevenne ;  but  we  dissent  from  Bolley's  view  in  regarding  saponin  as  different  from 
senegin,  Acide  polygalique. — The  product  which  Fremy  obtained  by  the  second  mode  of 
preparation  (p.  54)  is  perhaps  different  from  sapogenin,  and  this  may  account  for  the 
difference  between  his  statements  and  those  of  others.  This  view  is  supported  by 
V.  Payr's  statement  respecting  the  behaviour  of  saponin  to  hydrate  of  potash.  (Kr.) 

Formation.  By  treating  saponin  from  horse-chestnuts  or  from 
Haponarin  (Fremy),  or  senegin  from  Polygala  (Quevenne),  with  dilute 
mineral  acids.  Grape-sugar  is  produced  at  the  same  time.  (Rochleder 
&  Schwarz ;  Overbeck.)  Sapogenin  is  also  produced  from  the  saponin 
of  horse-chestnuts  by  the  action  of  potash- ley  or  of  the  electric  current ; 
but  not  from  the  saponin  of  Saponaria.     (Fremy.) 

Preparation.  1.  An  aqueous  solution  of  saponin  from  horse-chest- 
nuts is  left  in  contact  with  cold  hydrochloric  acid  for  a  long  time,  or 
with  the  boiling  acid  for  a  shorter  time,  and  the  precipitated  sapogenin  is 
washed  with  water.  (Fremy.)  Quevenne  dissolves  the  sapogenin 
thus  obtained  in  boihng  alcohol  of  40°,  and  evaporates  the  solution  or 
precipitates  it  with  water.     Rochleder  &  Schwarz  decompose  saponin 
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by  boiling'  with  aqueous  hydrochloric  or  sulphuric  acid,  dissolve  the 
flocks  in  boiling  acetic  acid  and  mix  the  filtrate  with  cold  water. 
Overbeck  purifies  the  product  by  repeatedly  digesting  the  alcohoUc 
solution  with  animal  charcoal,  and  leaves  the  filtrate  to  evaporate. 
Saponin  may  likewise  be  obtained  from  the  decoction  of  Senega  with 
previous  preparation  of  senegin.     (Bolley.) 

2.  Saponin  from  horse-chestnuts  is  treated  with  warm  potash, 
whereupon  sapogenin  and  a  yellow  colouring  matter  adhering  to  the 
saponin  unite  with  the  potash.  By  treating  the  product  with  weak 
alcohol,  the  latter  compound  may  be  separated,  and  the  compound  of 
sapogenin  and  potash  obtained  in  crystals  by  leaving  the  solution  to 
evaporate.  This  compound  may  be  decomposed  by  precipitating  its 
aqueous  solution  with  acids.  (Fremy.)  By  this  process,  pure  sapo- 
genin may  be  obtained  from  saponin  of  horse-chestnuts  more  readily 
than  by  1.  (Fremy.)  See  also,  under  Saponin,  Rochleder  &  Schwarz's  state- 
ments respecting  its  behaviour  to  potash. 


Properties.  Remains  after  the  evaporation  of  its  alcoholic  solution 
in  yellowish  white,  friable,  irregular,  amorplious  lumps.  (Quevenne.) 
Horny  laminae  which  may  be  rubbed  to  a  white  powder.  (Overbeck.) 
According  to  Fremy  sapogenin  either  from  horse-chestnuts  or  from  Saponaria  may  be 
crystallised  from  alcohol.  Tasteless  (Fremy) ;  the  taste  is  but  faint  at 
first,  but  afterwards  very  bitter.  (Quevenne.)  The  alcoholic  solution 
reddens  litmus.     (Quevenne.) 


Fremy. 

Calculation 

according  to 

Rochleder  &  Schwarz. 

52  0.. 
46  H 

312 

46 

192 

...  56-73  ... 
...     8-36  ... 
...  34-91  ... 

.  12  C... 

.  10  H    

.    4  0    

a. 

72  ....  63-16  ....  60  C  .. 
10....     8-77....  46  H.. 
32  ....  2807  ....  16  0... 

b. 

360....  67-41 

46...     8-61 

24  0 

128....  23-98 

C52H46024....  550 

...100-00  ... 
Overbeck. 

C^2Hioo4  .... 

114  ....100-00  ....  CeoH^cQie  ....  534  ....10000 
Bolley. 

18  C 

14  H    ..... 

.......  108 

14 

....     63-53     . 

....       8-23     . 
....     28-24     . 

24  C  144 

....     59-51 
....       7-43 
....     33-06 

18  H 18 

6  0 

48 

10  O 80 

C  . 

H. 
O.. 

Ci8H"06  170 

Fremy. 
a.                h. 

..     56-79  ....     56-43  . 
..       8-35  ....       8-64 
..     34-86 34-93  . 

....  100-00     C24H'8O>0  ....  242 

Rochleder  &  Schwarz.    Overbeck. 
a.                b.            at  100°. 

...     63-35  ....     67-04  ....     63-30  .... 
...       8-57  ....       8-88  ....       8-76  .... 
...     28-08  ....     24-08  ....     27-94  .... 

....  100-00 

Bolley. 
a.                b. 

mean. 
59-20  ....     60-03 

7-70  ....       7-60  , 
33-10  ....     32'37 

100-00  . 

...100-00 

...  100-00  .... 

100-00  ....  100-00  ....  100-00  ....  100-00 

a.  From  horse-chestnuts;  b.  from  Saponaria  (Fremy). — a.  dried  for  several  hours 
betw^een  120°  and  125°;  b.  for  twenty-four  hours  at  100°;  both  products  from  Sapo- 
naria. (Rochleder  &  Schwarz). — Bolley  analysed  sapogenin,  a.  from  Senega,  b.  from 
Saponaria. — The  great  discrepancies  between  the  analyses  arise  from  the  partial  altera- 
tion of  sapogenin  in  drying.  It  should  therefore  be  dried  in  a  stream  of  carbonic  acid. 
(Rochleder,  Wien.  AJcad.  Ber.  16,  1). 

Decompositions.  1.  In  drying  (vid.  sup.).  —  2.  When  heated  it  does  not 
melt  till  it  begins  to  decompose ;  it  does  not  yield  any  peculiar  products 
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by  dry  distillation.  (Fremy.)  —  3.  In  contact  with  oil  of  vitriol  it  turns 
violet,  and  imparts  a  faint  violet  tint  to  the  oil  of  vitriol  itself.  (Que- 
venne.)  It  dissolves  in  oil  of  vitriol  with  red-brown  colour ;  in  less 
concentrated  sulphuric  acid  with  red  colour.     (Eochleder  &  Schwarz.) 

—  4.  With  nitric  acid,  it  forms  a  brown  resin  and  red  vapours.    (Fremy.) 

—  5.  It  appears  to  be  somewhat  altered  by  prolonged  boiling  with 
dilute  acids.     (Bolley.) 

Comhinations.  Sapogenin  is  nearly  insoluble  in  boiling  water, 
(Fremy.)  When  left  in  contact  with  water  for  a  considerable  time,  it 
does  not  swell  up,  but  dissolves  slightly,  so  that  the  solution  precipi- 
tates metaUic  salts.     (Quevenne.) 

It  unites  with  hoses,  without  losing  water.  The  resulting  com- 
pounds, Fremy's  esculates,  are  decomposed  by  carbonic  acid. 

The  compounds  with  Ammonia,  Potash,  and  Soda  are  soluble  in 
water,  and  solidify  to  a  jelly  when  their  aqueous  solutions  are  evapo- 
rated, but  separate  from  a  mixture  of  1  pt.  water  and  2  pts.  alcohol 
in  beautiful  pearly  laminae.  They  contain  1  at.  base  to,  2  at.  sapo- 
genin. (Fremy.)  Alcoholic  sapogenin  neutrahzed  with  potash-ley 
leaves,  when  evaporated,  an  amorphous,  white,  very  bitter  mass,  not 
containing  any  crystals.  (Quevenne.)  Sapogenin  forms  with  the 
alkalis  very  bitter  compounds,  which  are  soluble  in  water.  (Rochleder 
&  Schwarz.)  Gelatinous  sapogenin  dissolves  readily  in  aqueous 
alkahs,  but  after  drying  it  dissolves  but  imperfectly  even  when  boiled 
in  the  hquid.     (Overbeck.) 

With  Baryta,  Strontia,  and  Lime,  sapogenin  forms  compounds  inso- 
luble in  water  and  in  alcohol  of  40°,  but  soluble  in  dilute  alcohol. 
(Fremy.)  Alcoholic  sapogenin  precipitates  baryta-  and  lime-salts,  but 
not  hijdrochlorate  of  magnesia.  (Quevenne.)  Bolley's  sapogenin  hke- 
wise  precipitates  baryta-salts. 

With  Lead-oxide  or  Ciipric  oxide  sapogenin  forms  compounds  inso- 
luble in  water.  (Fremy.)  Alcohohc  sapogenin  precipitates  sulphate  of 
copper,  neutral  and  hasic  acetate  of  lead,  ferrous  and /err«c  sulphates,  nitrate 
of  silver  and  bichloride  of  platinum.  (Quevenne.)  Sapogenin  pre- 
pared from  Saponaria  or  from  Senega,  precipitates  neutral  acetate  of 
lead  but  shghtly ;  basic  acetate  of  lead,  ferric  salts,  silver  salts,  and 
mercuric  salts  more  copiously.  (Bolley.)  Overbeck's  sapogenin  does  not 
precipitate  an  alcoholic  solution  of  neutral  acetate  of  lead. 

Sapogenin  dissolves  very  readily  in  alcohol,  but  is  insoluble  in 
ether.  (Fremy.)  From  aqueous  tannic  acid  it  throws  down  a  small 
precipitate.     (Quevenne.) 


Primai^  Nucleus  G^B.^;  Oxijgen-nucleus  C^^WO^l 
Picrolichenin. 

Alms.     (1832.)    Anri.  Pharm.  1,  61. 
Gregory.     J.  Pharm.  21,  314. 

A.  VoGEL,  jmi.,  &  WuTii.     N.  Jahrh.  Pharm.  8,  201 ;  N.  Br.  Arch.  95, 
67;  J.pr.  Chem.  72,  272. 
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Occurrence.     In  Variolaria  amara. 

Preparation.  The  lichen  is  distilled  with  rectified  spirit  (if  it  remains 
in  contact  with  the  liquid  for  too  long  a  time,  it  undergoes  alteration,  and  a  brown 
mass  is  obtained,  Vogel  &  Wuth) ;  the  extract  is  evaporated  to  a  syrup,  and 
left  at  rest ;  and  the  crystals,  which  separate  after  fourteen  days,  are 
purified  by  washing  with  weak  potash-ley,  and  repeated  crystallisa- 
tion from  alcohol.  (Alms.)  A  pound  of  the  lichen  yields  half  an 
ounce  of  picrohchenin. 

Properties.  Colourless,  transparent,  highly  lustrous,  rhombic  octa- 
hedrons. Melts  a  httle  above  the  melting  point  of  sulphur,  and 
solidifies  to  a  transparent  brittle  mass  on  cooling.  Not  volatile 
without  decomposition.  Sp.  gr.  1-176.  Inodorous,  but  has  a  strongly 
bitter  taste.    The  solutions  redden  litmus. 


Vogel  &  Wuth. 

mean. 

24  C  

....  144     . 

..     55-38 

55-85 

20  H 

....     20     . 

...       7-69 

7-78 

12  O 

....     96     . 

...     36-93 

36-37 

C'^H20Oi2  .... 

....  260     . 

..  100-00 

100-00 

According  to  Vogel  &  Wuth  it  is  perhaps  isomeric  with  senegin. 

Decompositions.  1.  Picrohchenin  heated  considerably  above  its 
melting  point,  decomposes,  giving  off  white  fumes,  which  irritate  the 
organs  of  respiration,  and  leaves  a  loose,  shining  charcoal.  —  2.  Chlo- 
rine-ivater  colours  it  sulphm'-yellow. — 3.  The  solutions  in  ammonia  and  in 
potash-ley  turn  red  on  exposure  to  the  air ;  and  on  addition  of  acids, 
deposit  altered  picrohchenin  which  has  lost  the  whole  or  nearly  the 
whole  of  its  bitterness.     (Alms.  vid.  inf.) 

Combinations.  Picrohchenin  is  insoluble  in  cold  wate)',  but  dissolves 
sHghtly  in  boiling  water,  without  separating  again  on  cooHng*.  — 
Strong  nitric  acid  dissolves  it  in  small  quantity  at  the  boihng  heat, 
without  colouring  or  evolution  of  gas.  Oil  of  vitriol  forms  with  picroh- 
chenin a  colourless  solution,  which  becomes  turbid  when  mixed  with 
water  or  exposed  to  the  air. 

With  Ammonia.  —  Aqueous  ammonia  dissolves  picrohchenin,  out  of 
contact  with  air,  forming  a  solution  colourless  at  first,  but  afterwards 
becoming  saffron-yellow,  which  after  some  time  deposits  very  brilhant, 
transparent,  tasteless,  crystalline  tufts.  These  ciystals  effioresce  on 
drying,  and  melt  at  50°  to  a  cherry-red  resin,  which  is  difficult  to  dry, 
gives  off  ammonia  at  a  higher  temperature,  is  insoluble  in  water,  but 
dissolves  with  cherry-red  colour  in  ammonia,  potash,  and  alcohol.  —  The 
crystals  dissolve  sparingly  in  water,  easily  in  ammonia,  potash,  and 
alcohol.     (Alms.) 

Picrohchenin  dissolves  very  easily  in  aqueous  potash  to  a  frothy 
liquid ;  sparing-ly  in  carbonate  of  potash.     (Alms.) 

It  dissolves  easily  in  bisulphide  of  carbon,  also  in  warm  acetic  acid, 
crystallising  out  on  coohng,  and  being  precipitated  by  water.  —  It 
dissolves  readily  in  alcohol,  and  is  precipitated  therefrom  by  water ; 
easily  in  ether  and  in  volatile  oils  after  prolonged  boiling,  also  mfxed 
oils,     (Alms.) 
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Oxf/gen-nudeus  C^^H^'^O'". 
Physodin. 

Gekding.     iV.  Br.  Arch.  87,  1. 

Occurrence.     In  Parmelia  physodes. 

Preparation.  The  lichen  air-dried  and  cut  in  pieces  is  macerated 
for  several  days  with  ether ;  the  ethereal  extract  is  evaporated ;  and 
the  residual  white  powder  is  purified  by  washing  with  alcohol  and 
repeated  crystallisation  from  absolute  alcohol. 

Properties.  White,  loosely  coherent  mass,  appearing  when  mag- 
nified 120  times,  to  consist  of  four-sided  truncated  prisms ;  if  obtained 
from  the  alcohol  solution  by  spontaneous  evaporation,  it  forms 
crystals  2 J  lines  long.    Melts  at  125°.    Neutral  to  vegetable  colom-s. 


Gerding. 

mean. 

a. 

at  \0^\ 

24  C 

.  144     . 

..     50-70     .. 

..     20  C    

..  120     . 

..     49-51     .. 

49-75 

12  H 

..     12     . 
..  128     . 

..       4-23     .. 

..     45-07-     .. 

..     10  H   

..     10     . 
..  112     . 

..       4-13     .. 
..     46-3G     .. 

4*63 

16  O 

..     14  0    

... .     45-G2 

C24H120^6   ., 

..  284     . 

...  100-00     .. 

..     C20Hi°O"    . 

...  242     . 

..  100-00     .. 

100-00 

Gerding,  by  an  inexact  calculation,  obtained  the  formula  C'^H^O^^,  which  requires 
47*8  per  cent.  C,  4*4  H.,  and  47-8  O.  This  formula  is  resolved  by  Weltzien  into 
C20H8O12  +  3  aq.  {Syst.  Zusammenst.  523.) 

Decompositions.  1.  Physodin,  when  tei^fZ  to  125°,  is  converted  into 
a  dark  rose-colom-ed  product,  Gerding's  physodein,  which  contains 
51-08  p.  c.  C,  4-00  H.,  and  44-82  0.,  according  to  Gerding,  C^oiPO^', 
and  is  produced  from  physodin  by  loss  of  water.     This  formula  agrees  with 

that  of  physodin ;  C^^H^Qi^  requires  52-36  p.  c.  C,  4*00  H.     {Kr.) 2.     Oil  of 

vitriol  dissolves  physodin  with  violet  and  afterwards  with  deep  rose- 
red  colour,  and  water  then  precipitates  bluish  violet  flocks.  —  3.  By 
nitric  acid  it  is  converted  into  oxalic  acid  with  evolution  of  nitrous 


Combinations.  Physodin  behaves  to  water  like  a  resin,  and  is  (?  not) 
wetted  by  it.     It  is  not  altered  by  dilute  acids. 

It  dissolves  easily  in  warm  aqueous  ammonia,  forming  a  yellow 
solution,  which  becomes  reddish  on  exposure  to  the  air.  When 
exposed  to  ammonia  vapours,  it  assumes,  a  chrome-yellow  colom-,  and 
afterwards  brown-red  in  contact  with  the  air.  —  In  carbonate  of  ammonia 
it  dissolves  sHghtly  at  mean  temperatures,  easily  on  boiling;  in 
potash-ley  instantly,  with  yellow  colour.  Acids  precipitate  from  these 
solutions  hght  yellow  or  reddish  flocks ;  the  potash- solution  yields  a 
dingy  yellow  precipitate  with  chloride  of  barium..  The  alcoholic  solution 
of  physodin  is  not  precipitated  by  chloride  of  barium,  but  it  yields  with 
acetate  of  lead  a  pale  yellow  precipitate,  soluble  in  potash-ley,  with 
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sulphate  of  copper  a  pale  green ;  and  with  nitrate  of  silver  a  brown-red 
precipitate. 

It  is  insoluble  in  alcohol  of  80  p.  c.,  but  dissolves  in  boiling  absolute 
alcohol.     It  is  insoluble  in  ether  and  in  acetic  acid. 


Primary  Nucleus  (H^^B.^ ;  Oxygen-nucleus  C**IP*0*. 

Leucic  Acid.  -^ 

Cahours.     Compt.  rend.  27,  368. 

A.  Strecker.     Ann.  Pharm.  68,  55 ;  Lehrhuch.  3  Aufl.  200. 

GossMANN.     Ann.  Pharm.  91,  135. 

Waage.     Ann.  Pharm.  118,  295. 

Thudichum.     Chem.  Soc.  Qu.  J.  14,  307. 

Q241124Q12  from  its  analogy  with  lactic  acid  (xi.  472),  wliich,  however,  according  to 
more  recent  investigations,  appears  to  be  C^H''0^  (Kr.)  The  experiments  of  Waage 
and  Thudichum  tend  rather  to  show  that  leucic  acid  is  C'-H^-O^. 

Formation.  1.  Leucine,  dissolved  in  water,  is  converted,  by  the 
action  of  oxidising  agents,  or  even  on  standing,  into  a  peculiar  acid 
(ji2j^£i2Q6^  (Cahours.)  When  nitric  oxide  gas  is  passed  through  a 
solution  of  leucine  in  strong  nitric  acid  [or  nitrous  acid  through  a 
solution  of  leucine  in  warm  water  (Thudichum),  or  water  slightly 
acidulated  with  nitric  acid  (Waage)],  nitrogen  is  evolved,  and  oily 
leucic  acid,  soluble  in  ether  is  produced  (Strecker) : 

2C'2NHi304  -  2NH3  +  4H0  =  €2^24012. 

2.  When  chlorme  gas,  not  in  excess,  is  cautiously  passed  through 
a  solution  of  leucine  in  caustic  soda,  leucic  acid  is  formed  and  may  be 
separated  from  the  mixture  in  the  same  manner  as  benzoglycoUic 
acid  (xii,  64)  from  hippuric  acid.     (Gossmann.) 

%.  Preparation.  Purified  leucine*  is  dissolved  in  boiling  water  slightly 
acidulated  with  nitric  acid,  and  nitrous  acid  gas  is  passed  through  the 
warm  solution  as  long  as  nitrogen  continues  to  escape ;  the  liquid, 
which  turns  brown  and  gradually  deposits  brown  flakes,  is  left  to  cool, 

*  The  leucine  used  in  the  preparation  was  prepared  by  Hinterberger's  method  (Ann. 
Pharm.  91,  135),  as  modified  by  Schwanert  (ibid.  102,  221),  viz.,  by  boiling  ox-horn 
for  some  time  with  sulphuric  acid ;  adding  milk  of  lime  in  excess,  filtering,  boiling 
again,  and  precipitating  the  lime  with  oxalic  a(^d;  decolorising  the  filtrate  by  adding 
sulphate  of  copper,  and  precipitating  the  copper  with  sulphuretted  hydrogen ;  then 
concentrating  the  filtrate,  and  leaving  it  to  crystallise.  The  leucine  thus  obtained  was 
futher  purified  by  repeated  crystallisation  from  water  and  weak  spirit,  finally  decolorised 
by  boiling  it  with  a  small  quantity  of  hydrated  oxide  of  lead,  and  precipitating  the  dis- 
solved lead  with  sulphuretted  hydrogen ;  the  solution  was  then  evaporated  and  the 
leucine  once  more  crystallised  from  dilute  alcohol.  The  product  was  quite  colourless, 
but  left  2  per  cent,  of  ash  when  burnt,  and  still  contained  a  trace  of  sulphur. 
(Waage.) 
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then  agitated  several  times  with  ether ;  and  the  ethereal  extracts  arc 
evaporated.  The  residue  is  a  brown  oily  liquid  not  miscible  with  water, 
which  gradually  solidifies  to  a  radio-crystalline  mass.  The  aqueous  solu- 
tion freed  from  leucic  acid  by  repeated  agitation  with  ether,  left  on  evaporation  a  con- 
siderable quantity  of  nitro-leucic  acid To  piU-ify  the   crudc   Icucic  acid  thus 

obtained,  it  is  dissolved  in  a  large  quantity  of  water  (a  smaller  quantity 
dissolyes  it  but  imperfectly) ;  the  boiling  liquid  is  mixed  with  an  aqueous 
solution  of  acetate  of  zinc ;  and  the  precipitated  leucate  of  zinc  is 
washed  on  the  filter  with  water  (which  dissolves  but  a  small  quantity  of  it), 
purified  by  recrystallisation  from  alcohol,  then  suspended  in  water, 
and  decomposed  by  sulphurreted  hydrogen.  The  filtered  solution  is 
but  very  slightly  coloured,  and  when  evaporated  to  a  syrup  and  left 
to  stand,  yields  leucic  acid  in  colourless  needles.  If,  on  the  other  hand, 
the  zinc-salt  be  suspended  in  alcohol  and  decomposed  by  sulphuretted 
hydrogen,  the  acid  is  obtained  in  hard,  brittle  prisms.     (Waage.) 

2.  Thudichum  passes  nitrous  acid  gas  through  a  warm  aqueous 
solution  of  leucine  ;  evaporates  with  addition  of  leucine  to  neutrahse 
the  free  nitric  acid,  and  prevent  it  from  oxidising  the  leucic  acid ; 
agitates  the  syrupy  residue  with  ether  (or  extracts  the  leucic  acid 
from  the  aqueous  solution  by  agitation  with  ether,  without  previous 
evaporation ;  in  which  case,  however,  the  treatment  with  ether  must 
be  repeated  a  great  number  of  times) ; — and  purifies  the  crude  leucic 
acid  from  adhering  brown  oil,  either  by  solution  in  cold  water, 
filtration  and  recrystallisation,  or  by  strongly  pressing  the  coloured 
crystals  between  bibulous  paper, — or  by  precipitating  the  aqueous 
solution  with  acetate  of  lead,  decomposing  the  washed  precipitate 
with  sulphuretted  hydrogen,  and  evaporating  the  filtrate,  either  over 
the  water-bath  at  a  very  moderate  heat,  or  over  sulphuric  acid. 

Properties.  Colourless  needles.  (Strecker.)  Needles  or  hard,  brittle 
prisms,  of  the  right  or  oblique  prismatic  system,  according  to  the  mode 
of  preparation.  (Waage,  vid.  sup.)  Radiary  groups  of  needles,  having  a 
mother-of-pearl  lustre,  with  a  beautiful  variety  of  concentric  mark- 
ings, like  those  of  some  kinds  of  larch-agaric.  (Thudichum.)  Heavier 
than  water.  Cuts  like  hard  soap,  almost  like  stearic  acid.  (Thudi- 
chum.) Has  an  acid  taste,  and  reddens  litmus  (Thudichum) ;  bitter 
taste,  and  strong  acid  reaction  (Waage).  Melts  below  100°  and 
soUdifies  on  cooling.  (Thudichum.)  Melts  at  73°,  and  sometimes 
solidifies  at  a  few  degrees  below  the  melting  point,  sometimes  remains 
liquid  even  when  cooled  to  0°.    (Waage.) 


12  C    

12  H   

...     72     . 
...     12     . 

...     48     . 

...     54-54     .. 
...       9-09     .., 
...     36-37     ... 

Waage. 

64-3 

9-1 

36-6 

Thudichum. 

mean. 

....     53-57 

8-73 

6  0   

37*70 

C^2H1206 

...  132     . 

...  100-00     .. 

100-0 

....  100-00 

The  loss  of  carbon  in  Thudichum's  analyses  arose  from  partial  decomposition. 

Decompositions.  1.  Leucic  acid  volatilises  at  100°,  apparently  with- 
out decomposition.  If  placed  on  a  watch-glass  and  heated  over  the 
water-bath,  the  sides  of  the  glass  become  fringed  with  crystals  of  the 
subhmed  acid,  which  dissolve  easily  in  water,  leaving,  however,   a 
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few  flocks,  probably  consisting  of  the  anhydride.  The  mass  which 
remains  in  the  middle  of  the  watch-glass  is  syrupy,  dissolves  in  water 
only  after  prolonged  boiling,  but  is  easily  soluble  in  alcohol  and 
ether;  it  probably  consists  of  leucic  anhydride;  but  Avhether  corre- 
sponding to  lactic  anhydiide  (xi.  501)  or  to  lactide,  is  at  present  un- 
determined. (Waage.)  The  acid  heated  for  some  time  in  the  water- 
oven  continually  gives  off  acid-smelUng  vapours,  and  does  not 
afterwards  sohdify  on  cooling,  but  remains  in  the  form  of  an  unciys- 
tallisable,  dark  brown  smeary  syrup ;  the  anhydride,  which  has  a  very 
disagreeable  odour,  remains  unchanged,  even  when  left  over  oil  of 
vitriol  for  weeks,  and  is  nearly  insoluble  in  water,  separating  from  it 
like  an  oil  and  sinking  to  the  bottom.  A  small  quantity  of  this 
insoluble  compound  is  likewise  formed  when  the  aqueous  solution, 
even  if  dilute,  is  heated  to  the  boiling  point  or  evaporated.  The  forma- 
tion of  this  insoluble  compound  renders  the  preparation  of  pure  salts  of  leucic 
acid  rather  difficult,  and  has  doubtless  also  given  rise  to  the  statement  sometimes 
made  that  leucic  acid  is  uncrystallisable.  (Thudichum.)  —  2.  Leucic  acid 
strongly  heated  in  the  air,  gives  off  thick  fumes  and  blackens,  then 
takes  fire  and  burns  with  a  yellow  smoky  flame,  leaving  a  small 
quantity  of  charcoal,  which  is  quickly  and  easily  consumed.  (Thu- ' 
dichum.) 

Comlinations.  Very  soluble  in  water.  (Waage,  Thudichum.) 
Difficultly  soluble.  (Strecker.)  Strecker's  acid  was,  perhaps,  partially  con- 
verted into  the  insoluble  compound  above  mentioned.  A  small  piece  placed 
on  water  dissolves  rapidly,  producing  curious  currents  of  diffusion. 
The  solution  has  an  agreeably  acid  taste,  reddens  Utmus,  and  decom- 
poses carbonates. 

Leucates. — Leucic  acid  forms  crystalhsable  salts  (Strecker,  Thudi- 
chum), most  of  which  have  the  composition  C)^^H"MO^  An  acid  silver- 
salt  appears,  however,  to  exist,  which  may  be  either  C'^H^AgO*, 
(ji2jji2Q6^  or  C^*IP^AgO® ;  but  as  no  acid  leucate  of  any  other  base  has 
been  produced,  the  12-carbon  formula  of  the  acid  must  be  regarded  as 
the  more  probable — a  conclusion  also  pointed  out  by  the  formation  of 
the  acid  from  leucine.  The  salts  are  for  the  most  part  obtained  by 
boiling  the  aqueous  solution  of  the  acid  with  the  corresponding  carbon- 
ates. (Thudichum.)  —  The}^  are  less  soluble  than  the  lactates  in  water, 
more  soluble  in  alcohol.     (Waage.) 

Leucate  of  Ammonia.  —  The  acid  slightly  supersaturated  with 
ammonia,  and  evaporated,  leaves  a  thick  homogeneous  residue,  in 
which  no  trace  of  crystaUisation  can  be  observed,  even  after  drying  for 
several  weeks  over  oil  of  vitriol.     (Thudichum.) 

Leucate  of  Soda.  —  The  aqueous  acid  neutrahsed  with  carbonate  of 
soda  and  evaporated,  leaves  a  syrupy  residue  covered  with  a  crystal- 
line crust.  When  this  syrup  is  left  over  oil  of  vitriol,  crystals  form  in 
it,  which,  under  the  microscope,  exhibit  a  characteristic  tub-shape, 
with  rhombic  plates  interspersed  here  and  there.     (Thudichum.) 

Leucate  of  Baryta,  C^^H^BaO'.  —  Obtained  by  digesting  the  aqueous 
acid  with  carbonate  of  baryta.  (Waage,  Thudichum.)  It  dissolves 
with  moderate  facility  in  warm  water  and  dilute  alcohol,  and  sepa- 
rates from  boiling  alcohol  in  beautiful  colomiess,  silky,  laminar  crystals, 
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which,   like  most  leucates,  retain  something  of  the   appearance  of 

leucine.  (Waag"e.)  Thudicum  obtained  it  by  evaporation  in  crystalline  crusts, 
which  remained  yellow  even  after  pressing  and  drying.  It  is  anhydrous, 
and  g'ives  by  analysis  38*6  p.  c.  baryta,  the  formula  requiring  38'4  p.  c. 
(Waage.) 

By  evaporating  two  equal  quantities  of  the  acid,  one  of  which  had 
been  neutrahsed  with  carbonate  of  baryta,  a  smeary  semi-solid  mass 
Avas  obtained,  apparently  consistmg  of  a  mixture  of  the  neutral  salt 
with  free  leucic  acid.    (Thudichum.) 

Leucate  of  Lime.  O^^II"CaO^  —  An  aqueous  solution  of  the  acid 
neutralised  with  chalk  or  milk  of  lime  and  left  to  evaporate,  yields 
the  lime-salt  in  fine  needles,  easily  soluble  in  water  and  in  alcohol. 
(Waage.)  Thudichum  obtained  it  in  non-crystalline  crusts,  which  gave 
by  analysis  12*68  and  12*78  p.  c.  lime  (calc.  13*24  p.  c). 

Leucate  of  Magnesia.  —  Sparingly  soluble  in  water,  deposited  in 
crusts  on  evaporation.     (Thudichum.) 

Tjeucate  of  Zinc.  —  Obtained  by  neutralising  the  dilute  acid  at 
the  boiling  heat  with  carbonate  of  zinc,  and  filtering  at  the  same 
temperature.  If  the  solution  of  leucic  acid  is  not  exceedingly  dilute,  a  thick 
froth  containing  undissolved  leucate  and  carbonate  of  zinc  is  formed  at  the  top  of  the 
liquid,  which  requires  repeated  boiling  with  water  to  dissolve  it.  The  latest  solutions 
are  the  purest  and  least  coloured.  The  Solution  deposits  a  thin  crust  on 
coohng.  Evaporated  over  the  water-bath,  it  soon  becomes  covered 
with  a  crust,  and  on  coohng  deposits  bulky  masses  of  needles,  which 
must  be  separated  by  filtration,  pressed  between  bibulous  paper,  and 
dried  by  exposure  to  the  air  or  over  the  water-bath.  The  best 
crystals  are  obtained  from  a  solution  containing  excess  of  leucic  acid. 
(Thudichum.)      For  Waage's  mode  of  preparation,  see  page  59. 

Snow-white,  with  splendid  silky  lustre  ;  exhibits  under  the  micro- 
scope the  appearance  of  masses  of  needles.  (Thudichum.)  Extremely 
hght  scales,  of  dazzling  whiteness  and  silky  lustre.  (Waage.) 
Sparingly  soluble  even  in  boiling  water,  less  in  cold  water.  (Thudi- 
chum.) Dissolves  in  300  pts.  water  at  16°,  and  in  204  pts.  boiling 
water,  more  soluble  in  alcohol.  (Waage.)  The  air-dried  salt  gives 
off  5*1  p.  c.  water  (1  at.)  at  100  (Waage) ;  gives  off  half  its  water  at 
100°,  but  requires  a  temperature  of  120°— 130°  to  dry  it  completely. 
(Thudichum.)  —  Sulphuretted  hydrogen  precipitates  the  zinc  completely 
(Waage),  only  a  portion  even  after  repeated  saturation  of  the  solution 
with  the  gas.    (Thudichum.) 

at  120"— 130°                     Thudichum.  Air-dried.  Waage. 
mean. 

12  C   72-0  ....     4401  ....     43*87  ....     12  C 72-0  ....  41*72 

11  H  11-0  ....       6-72  ....       6-89  ....  11  H    ....  11*0  ....  6*37 

Zn 32-6  ....     19*92  ....     20'10  ....  Zn  ....  32*6  ....  18-89  ....  18'79 

6  O  48-0  ....     29-26  ....     29*14  ....     6  O  48-0  ....  27-81 

HO  90  ....  5-21  ....     5-10 

Ci2H"Zn06....  163-6  ....  lOQ-GO  ....  lOO-QO  ....      +  Aq  ....172-6    ....  lOO'OO 

Leucate  of  Lead.  —  On  adding  acetate  of  lead  to  a  solution  of  leucic 
acid  or  a  leucate,  a  copious  white  precipitate  is  produced,  which  is 
flaky,  and,  on  boiling,  dissolves  almost  entirely  in  the  liquid.  Any  por- 
tion remaining  undissolved  melts  into  a  white  mass,  which  is  soft  like 
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resin  while  warm,  but  becomes  brittle  and  hard   on   coohng-.     This] 
substance  is  insoluble   in  water  and  alcohol,    even  on    boiling,  an( 
seems  to  be  a  basic  salt. 

If  the  solution  of  lead  is  added  to  a  boiling  solution  of  the  acid,| 
no  precipitate  ensues,  acid  vapours  are  evolved,  and  the  liquid  becomes' 
milky  on  cooling.  In  a  short  time,  it  deposits  the  lead-salt  as  a  light, 
granular,  white  mass,  which,  under  the  microscope,  appears  to  be  made 
up  of  a  multitude  of  strongly  refracting  spherical  masses,  of  the  size 
of  human  blood-corpuscles.  This  salt  is  more  easily  soluble  in  an 
excess  of  the  acetate  than  in  water.  It  is  easily  soluble  in  spirit  of 
wine,  particularly  in  boiUng  spirit.  Even  in  these  solutions,  basic  salts 
are  easily  formed.  The  addition  of  water  to  these  solutions  produces 
a  precipitate.     (Thudichum.) 

Leucate  of  Cobalt.  —  The  dilute  aqueous  acid  boiled  with  excess  of 
carbonate  of  cobalt,  then  filtered  and  evaporated,  deposits  light  crusts 
of  a  pink  colour  while  moist,  but  of  a  very  pale  rose-colour  or  almost 
white  when  dry.  The  salt  is  but  sparingly  soluble  in  cold  water,  and 
not  much  more  soluble  at  the  boiling  heat.  It  crystalHses  in  needles, 
which,  under  the  microscope,  appear  to  be  arranged  in  globular 
masses. 
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Leucate  of  Copper.  —  When  a  dilute  aqueous  solution  of  leucic  acid 
is  treated  w^ith  a  dilute  solution  of  ammonio-sulphate  of  copper,  the 
colour  of  the  copper-salt  changes  to  light  green.  On  boiling  the  liquid, 
it  becomes  paler,  and,  on  cooling,  deposits  fight  green  granules  of 
leucate  of  copper.  Under  high  powers  of  the  microscope,  these 
granules  appear  as  balls,  formed  by  a  radiary  arrangement  of  needles. 
(Thudichum.)  —  A  solution  of  leucic  acid  mixed  with  acetate  of  copper 
forms  a  green  flocculent  precipitate,  very  sparingly  soluble  in  water, 
even  at  the  boiling  heat,  but  easily  crystallised  from  boiling  alcohol, 
from  which  it  separates  in  very  beautiful  fight  blue,  shining,  bulky 
scales,  which  do  not  undergo  any  diminution  in  weight  at  100°. 
(Waage.) 

Waage.         Thudichum. 

12  C... 72-00     ....     44-25     ....     445 

11  H 11-00     ....       6-76     ....       6-9 

Cu    31-68     ....    19-49     ....     19-3       ....     18-56 

6  0 48-00     ....     29-50     ....     29-3 

Ci2HiiCuO«  162-68     ....  lOO'OO     ....  100-00 

Mercurous  Leucate.  —  When  to  a  solution  of  leucic  acid  a  solution 
of  mercurous  nitrate  is  added,  a  slight  turbidity  ensues.     The  addition , 
of  carbonate  of  soda  produces   a   copious   reddish-white   precipitate/ 
which,  on  boifing,  becomes  red,  then  dull  grey,  and  deposits  metallic 
mercury  at  the  bottom  of  the  tube.     (Thudichum.) 
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Mercuric  Leucate  may  be  prepared: — a.  Directty,  by  dissolving 
"reshly-precipitated  moist  mercuric  oxide  in  aqueous  leucic  acid.  A 
laky  precipitate  gradually  ensues,  which,  on  heating,  becomes  red  and 
granular,  and  adheres  to  the  sides  of  the  glass.  On  cooling,  a  new 
precipitate,  consisting  of  whitish  globules,  is  deposited.  —  h.  By  adding 
mercuric  nitrate  to  an  aqueous  solution  of  leucic  acid.  A  whitish-red 
precipitate  is  formed,  which  dissolves  on  boiling,  and,  on  coohng,  is 
again  deposited  in  reddish  granules.  —  c.  By  adding  the  mercurial  solu- 
tion to  the  leucate  of  an  alkaH. 

The  leucates  of  both  oxides  of  mercury  have  a  great  tendency  to 
become  reduced.  The  mercuric  salt  easily  passes  into  the  mercurous 
salt.  The  mercuric  salt,  moreover,  has  a  great  tendency  to  become 
basic  and  insoluble.     (Thudichum.) 

Leucate  of  Silver.  —  a.  Neutral.  —  Obtained  by  adding  nitrate  of 
silver  to  the  solution  of  the  acid  neutralised  with  ammonia,  or  by 
boihng  the  acid  with  oxide  of  silver,  and  may  be  rendered  quite  colour- 
less by  recrystallisation  from  boihng  water,  in  which  it  is  moderately 
soluble.  It  is  anhydrous.  (Waage.)  Nitrate  of  silver  added  to  a 
warm  solution  of  leucate  of  ammonia,  potash  or  soda,  forms  a  copious 
white  ciystalhne  precipitate,  which  increases  as  the  liquid  cools,  and 
blackens  if  left  in  the  mother-hquor.     (Thudichum.) 

Dried  over  oil  of  vitriol.  Waage,    Thudichum. 

12  C 72     ....     30-13 

11  H 11     ....       4-60 

Ag    108     ....     45-19     ....     45-2     ....     44-14 

GO 48     ....     20-08 

Ci2H"Ag08  239     ....  100-00 

The  salt,  dried  over  the  water-bath  below  1 00°,  became  brown  and  continued  to  lose 
weight.  (Thudichum.) 

Acid  salt.  —  A  hot  dilute  solution  of  leucic  acid  decomposes  recently- 
precipitated  carbonate  of  silver  with  effervescence.  The  excess  of 
carbonate  of  silver  and  the  undissolved  portion  of  the  leucate  become 
blackish-grey,  but  the  acid  is  not  entirely  neutralised.  The  hot  filtrate 
forms  no  deposit  on  cooling'.  The  attempt  to  evaporate  it  over  the 
water-bath  produces  a  black  precipitate  of  reduced  silver.  It  must, 
therefore,  be  evaporated  in  vacuo  over  oil  of  vitriol.  After  prolonged 
standing,  a  few  ciystals,  of  a  glassy  lustre  and  appearing  under  the 
microscope  as  groups  of  rhombic  plates,  are  deposited  at  the  margin  of 
the  dish.  The  liquid  then  becomes  covered  with  a  pellicle,  and  evapo- 
ration is  impeded.  At  a  later  stage,  gbnglomerates  of  needles  are 
deposited,  which,  when  carefully  dried  over  sulphuric  acid  in  vacuo, 
appear  a  little  blackened,  like  most  silver-salts,  but  are  not  decom- 
posed. Silver  by  analysis  2G*97  p.  c.  ;  the  formula  requires  29-1  p.  c. 
(Thudichum.) 

Leucic  acid  is  soluble  in  alcohol  dindi  in  ethei\  (Strecker,  Thudichum, 
Waage.)    1. 
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Appendix  to  Compounds  containing  24  atoms  of  Carhon. 

Panaquilone. 

S.   Garriques.     Ann.   Pharm.   90,   231 ;    Pharm.    Centr.   1854,   721  ; 
J.pr.  Chem.  63,  97. 

Occurrence,    In  the  root  of  American  ginger,  Panax  quinquefolius. 

Preparation.  The  aqueous  infusion  of  the  root  precipitated  in  the 
cold  is  freed  from  albumin  by  heating ;  the  filtrate  is  evaporated  to  a 
syrup,  and  precipitated  with  a  strong  solution  of  sulphate  of  soda ;  and 
the  brown,  glutinous  precipitate  is  washed  with  the  same  solution  and 
heated  wdth  absolute  alcohol.  Panaquilone  then  dissolves,  remains 
behind  when  the  alcohol  is  distilled  off,  and  may  be  purified  by  solution 
in  water,  treatment  with  animal  charcoal,  evaporation,  and  re-solution 
in  absolute  alcohol. 

Properties.  Amorphous,  yellow  powder,  having  a  bitter-sweet 
taste.    Free  from  nitrogen. 


24  C  

a. 
....  144     . 

..     46-01     .. 
..       7-98     .. 
..     46-01     .. 

..     40  C  

..     42  H 

..     30  O 

h. 

..  240     . 

..     42     . 
..  240     . 

..     45-98 
..       8-04 
..     45-98 

Garriques. 
mean 
at  100°. 
45-94 

25  H 

....    25     . 

8-05 

18  O 

....  144     . 

46-01 

C24H25018    ... 

....  313     . 

...  100-00     . 

..     C40H«O30  . 

..  522     . 

...  100-00 

100-00 

fl.  According  to  Garriques. 

Decompositions.  1.  "When  heated,  it  melts,  decomposes,  and  burns 
away  without  residue.  —  2.  It  dissolves  in  oil  of  vitriol,  with  fine 
purple-red  colour,  and  water  added  to  the  solution  throws  down  white 
panacone ;  hydrocldoric  and  nitric  acids,  with  aid  of  heat,  produce  the 
same  transformation.  In  this  reaction,  carbonic  acid  is  evolved,  but 
no  sugar  is  formed : 

C24H25013  =  C22H1908  +  2C02  +  6H0  (Garriques). 

Combinations.  Panaquilone  dissolves  readily  in  water.  The  solution 
is  not  precipitated  by  acids,  mercuric  chloride,  or  bichloride  of  plantinum  ; 
it  is  coloured  brown  by  alkalis. 

Panaquilone  dissolves  easily  in  alcohol,  but  is  insoluble  in  ether. 
From  its  aqueous  solution  it  is  precipitated  by  tannic  acid. 


Panacone. 

Garriques.     Ann.  Pharm.  90,  233;  J.pr.  Chem.  63,  97;  Pharm.  Centr. 
1854,  321. 

Formation  and  Preparation.     When  panaquilone  is  dissolved  in  oil 
of  vitriol,  or  when  its  aqueous  solution  is  heated  with  hydrochloric  or 


PHLOROGLUCIN.  65 

nitric  acid,  it  is   resolved  into  panacone,  which   separates  out,  and 
carbonic  acid  and  water : 

C24H25018  =  C22H"03  +  2C02  +  6H0  (Gamques.) 

Properties.  White  tasteless  powder,  composed  of  microscopic 
crystals. 

Calculation  according  to  Gamques.  Garriques. 

22  C 132     ....     61-43     5922     ....     6106 

19  H 19     ....       8-83     8-93     ....       8-85 

8  0 64     ....     29-74     31-85     ....     30-09 

C22H1908  215     ....  100-00     100-00     ....  100  00 

The  formula,  which  does  not  accord  with  the  principles  of  this  Work,  may  perhaps 
be  made  correct  by  doubling  (Kr.). 

Panacone  melts  when  heated,  and  burns  with  flame.  —  Hot  con- 
centrated nitric  acid  converts  it  into  oxaUc  acid. 

It  is  insoluble  in  water,  dissolves,  with  purple  colour,  in  oil  of  vitriol, 
and  is  precipitated  therefrom  by  water.  —  It  is  not  altered  by  alkalis. 
—  It  is  soluble  in  alcohol,  but  insoluble  in  ether. 


Carbo-hydrates  or  Saccharoidal  Substances. 

The  bodies  belonging  to  this  group  cannot,  with  certainty,  be  arranged  in  the  gene- 
ral system.  The  order,  in  which  they  are  here  described,  is  such  that  a  compound, 
in  which  (independently  of  crystallisation-water)  the  sum  of  the  hydrogen  and 
oxygen-atoms  is  expressed  by  a  smaller  number,  takes  precedence  of  one  in  which 
that  sum  is  larger.  The  compounds  derived  from  these  carbo-hydrates  (mannitan, 
zyloidin,  sulphosaccharic  acid,  &c.),  are  likewise  arranged  independently  of  the  nucleus- 
system,  being  placed  immediately  after  the  primary  compound.  Moreover,  as  the 
compounds  containing  12  atoms  of  carbon  have  already  been  described  (vol.  xi.),  it  is  a 
matter  of  necessity  to  treat  all  carbo-hydrates  in  connection  with  the  24-carbon  com- 
pounds, without  entering  upon  the  question  whether  their  molecule  really  contains  12 
or  24  at.  C.  (Kr.). 


Carbo-hydrates  Q^'WO\ 

Phloroglucin. 

CWH^O"  or  G'^WO^K 

Hlasiwetz.  Wien.  ATcad.  Ber.  17,  382.  J.  i^r.  Chem.  67,  105 ; 
abstr.  Ann.  Pharm.  96,  118;  Chem.  Gaz.  1856,  81;  Lieh.  Kopp. 
Jahresher.  I860,  700.—  Wie7i.  AJcad.  Ber.  36,  401;  Ann.  Pharm.. 
112,  96;  J.pr.  Chem.  78,  257;  abstr.  Chem.  Centr.  1860,  132;  Rep. 
Chim.  pure,  2,  139;  Kopp's  Jahresher.  1859,  524. —  Wien.  Ahad. 
Ber.  43,  451;  Ann.  Pharm.  119,  199;  Rep.  Chim.  pure,  1861, 
459. 

VOL.  XV.  F 


QQ  CARBO-HYDRATES   C^^HSoe. 

Formation.     1.  Phloretin  boiled  with  potash-ley  is   resolved  into 
phloretic  acid  and  phloroglucin.  —  2.  Quercetin,  under  the  same  cu-- 
cumstances,  is  resolved  into  quercetic  acid  and  phloroglucin : 
C36H16O20  +  2H0  =  C2-'Hi20i6  +  C12H606. 

Preparation.  1.  See  xii,  307.  The  mixture  of  phloroglucm  and 
carbonate  of  potash  obtained  as  there  described  (whence  alcohol  doe«  not 
extract  any  phloroglucin)  from  which  all  the  phloretate  of  potash  has  been 
extracted  by  alcohol,  is  dissolved  in  water ;  dilute  sulphuric  acid  is 
added  in  slight  excess ;  and  the  mass  is  evaporated  to  dryness  over 
the  water-bath,  and  then  well  boiled  with  alcohol  (better  with  ether- 
alcohol).  The  alcohol  is  distilled  off  and  the  residue  left  to  crystallise, 
whereby  strongly-coloured  crystals  are  obtained,  the  mother-hquor 
also  yielding  an  additional  quantity.  They  are  dissolved  in  water, 
and  the  solution  is  mixed  with  acetate  of  lead  (which  produces  no 
precipitate),  and  saturated  with  sulphuretted  hydrogen,  the  pre- 
cipitated sulphide  of  lead  carrying  down  nearly  the  whole  of  the 
colouring  matter,  so  that  the  crystals  which  afterwards  separate  have 
only  a  yellowish  tint.  By  recrystaUisation  from  ether  and  afterwards 
from  water,  they  may  be  obtained  quite  colourless. 

2.  Quercetin  is  added  to  a  hot  concentrated  solution  of  3  pts. 
hydrate  of  potash,  the  hquid  evaporated  down  at  the  boiling  heat, 
and  the  residue  further  heated,  till  a  sample  of  it  taken  out  no  longer 
yields  a  flocculent  precipitate  with  hydrochloric  acid,  and  quickly 
assumes  a  deep  red  colour  when  dissolved  in  water.  The  whole  is 
then  immediately  dissolved  in  water,  the  solution  which  instantly 
turns  red  is  neutralised  with  hydrochloric  acid,  and  the  flocks  (of 
alpha-quercetin  and  un decomposed  quercetin)  which  are  deposited  from 
the  Hquid  on  standing  and  cooling,  are  separated  by  filtration.  The 
filtrate  is  evaporated  to  dryness,  the  residue  exhausted  with  alcohol ; 
the  alcohol  distilled  off  from  the  brown  tincture ;  the  residue  dissolved 
in  water,  and  mixed  with  acetate  of  lead,  whereby  quercetate  of  lead 
is  precipitated,  while  ploroglucin  remains  in  solution.  The  latter  is 
obtained  in  the  crystalline  state  by  removing  the  lead  from  the  filtrate 
with  sulphuretted  hydrogen  and  quickly  evaporating,  and  is  purified  by 
recrystaUisation  with  help  of  animal  charcoal. 

Properties.  Phloroglucin  separates  from  absolute  ether  in  anhydrous 
crystals  (see  hydra  ted  phloroglucin).  It  is  sweeter  than  common  sugar. 
Neutral.  Permanent  in  the  air  at  ordinary  temperatures  and  at  100°. 
Melts  at  about  220°.  Sublimes  partially  without  particular  odour,  and 
solidifies  on  cooling. 

Hlasiwetz. 
mean. 
Anhydrous  at  100".  a.  b. 

12  C    72     ....     57-13     57-00     ....     56-93 

6  H   6     ....       4-76     5-08     ....       4-98 

6  O    48     ...■     38-11     37-92     ....     38-09 

Ci2H«06  126     ....  100-00     100-00     ....  100-00 

a.  Prepared  from  phloretin;  b.  from  quercetin. 

Decompositions.     Ammoniacal    phloroglucin    shaken   up    with    air, 
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becomes  red-brown  and  afterwards  opaque.  —  In  a  concentrated 
aqueous  solution  it  is  converted  by  bromine  into  terbromo-pliloroglucin, 
which  immediately  separates  in  the  crystalline  form,  the  liquid  becoming 
liot,  and  emitting  a  highly  tear-exciting  odour.  With  hot  hydrochloric 
acid  it  assumes  a  reddish  yellow  colour.  —  Nitric  acid  dissolves  it  with 
brown  colour,  and  converts  it  into  nitrophloroglucin  (p.  68). — Ammonia 
converts  it  into  phloramine  C^^H^NO*  (p.  69).  —  It  reduces  an  alkaline 
solution  of  cupric  oxide,  like  grape-sugar.  It  reduces  mercurous  nitrate 
when  heated  with  it,  and  Hkewise  nitrate  of  silver,  with  peculiar  quick- 
ness, on  addition  of  ammonia. — With  chloride  of  acetyl,  chloride  of 
henzoyl,  &c.,  it  forms  substitution-products  (p  71). 

Combinations:  With  Water.  —  A.  Hydrated  Phloroglucin.  Hard 
crystals  belonging  to  the  right  prismatic  or  rhombic  system,  which  by 
slow  evaporation  are  obtained  of  the  size  of  peas,  with  irregular  pris- 
matic faces.  It  grates  betwen  the  teeth.  It  effloresces  in  warm  air, 
and  in  vacuo,  or  more  quickly  at  90°,  giving  off  22'25  to  22-47  p.  c. 
water  of  crystalhsation  (calc.  4  at  =  22*22  p.  c),  and  being  thereby 
converted  into  anhydrous  phloroglucin. 


12  C  

Hydrated, 
72     . 

..     44-44     . 
...       6-18     . 
..     49-38     . 

Hlasiwetz. 
mean. 
....     44-45 

10  H  

10     . 

6-29 

10  0  

80     . 

49-26 

C12H606  +  4 

Aq  162     . 

..  100-00     . 

100-00 

B.  Aqueous.  —  Phloroglucin  dissolves  in  water,  and  separates 
from  the  solution  in  the  form  of  hydate. 

It  is  not  altered  by  cold  hydrochloric  acid.  Not  precipitated  by  any 
metallic  salt,  excepting  basic  acetate  of  lead.  It  is  coloured  deep  violet- 
red  by  fe7TiG  chloride,  and  produces  with  solution  of  chloride  of  lime,  a 
reddish  yellow  colour,  which  soon  disappears. 

Phloroglucin  with  Potash. — The  solution  of  phloroglucin  in  carbonate 
of  potash  leaves,  when  evaporated  to  dryness,  a  residue,  from  which 
alcohol  and  ether  scarcely  take  up  any  phloroglucin,  and  less,  the  more 
nearly  they  are  anhydrous.  The  alcoholic  extract  obtained  by  boiling 
decomposed  phi  ore  tin  with  potash  is  always  turbid,  and  deposits  after 
some  hours,  red-brown  drops  of  the  compound  of  phloroglucin  with 
potash  (Hlasiwetz,  Wien.  AJcad.  Per.  24,  289). 

Phloroglucin  with  Oxide  of  Lead. —  Aqueous  pliloroglucin  is  precipitated 
with  an  insufficient  quantity  of  basic  acetate  of  lead,  and  the  white  pre- 
cipitate is  washed  several  times  with  water,  pressed  between  paper,  then 
dried  in  vacuo,  and  finally  at  100°.  —  It  does  not  turn  red  on  drying. 

Hlasiwetz. 

12  C 72     ....     12-41     ....     12-79 

6  H 6     ....       1-03     ....       1-13 

6  O  48     ....       8-59     ....       8-48 

4  PbO : 446     ....     77-97     ....     77-60 

Ci2H606,4PbO  572     ....  100-00     ....  100-00 

Phloroglucin  is  soluble  in  alcohol,  and  still  more  so  in  ether. 

F  2 
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Terbromophloroglucin. 

Hlasiwetz.     Wien.  Akad,  Ber.  17,  394.  f 

Formation,     (p.  67) 

Preparation.  Bromine  is  dropped  into  concentrated  aqueous-phlo- 
roglucin  till  the  colour  of  the  bromine  is  no  longer  destroyed,  and  the 
liquid  has  solidified  to  a  crystalhne  pulp ;  this  product  is  collected 
on  a  filter,  washed  with  cold  water,  and  recrystallised  from  boihng 
water  with  help  of  animal  charcoal. 

Properties.       See  Hydrated  Terbromophloroglucin.       This    compound   giveS 

off  12*92  p.c.  water  (calc.  6  at.  =  12-94)  and  then  easily  falls  to  powder. 


12  C 

Dried. 
72     . 

..     19-83     .. 
.     66-11     .. 
..       0-82     .. 
..     13-24     .. 

Hlasiwetz. 
mean. 
20-03 

3  Br    

3  H 

240     .. 

3     .. 

66-07 

1-37 

6  O 

48     . 

12-53 

Ci2H3Br30«  ... 

363     .. 

..  100-00     .. 

100-00 

Appears  to  be  partly  decomposed  by  boiling  with  water. 

Combinations.  With  Water. — A,  Hydrated  Terhromophloroglucin. 
CrystaUises  from  water  in  long  needles  (mostly  brownish),  from  alco- 
hol in  concentrically  united  prisms,  which  give  off  their  water  in  warm 
air  or  at  100°,  and  are  reduced  to  anhydrous  terbromophloroglucin. 


Crystals. 
12  C 

72     . 

..     17-26     . 
..     57-31     . 
.       2-15     . 
..     23-28     . 

Hlasiwetz. 
mean. 
17-44 

3  Br   

240 

57-25 

9  H    

9     . 

2-27 

12  O     

... .     96     . 

23-04 

Ci2H3Br306+6Aq  .. 

417     . 

...  100-00     . 

100-00 

B.  Aqueous. —  Terbromophloroglucin  dissolves  very  slightly  in  cold, 
toore  freely  in  boiling  water. 

It  is  dissolved,  with  brown  colour,  by  alkalis  and  their  carlonates. 
It  dissolves  very  readily  in  alcohol. 


Nitrophloroglucin, 

Hlasiwetz  &  Pfaundler.    Ann.  Pharm.  Ill,  199. 

Nitric  acid  acts  violently  on  phloroglucin,  even  in  tlie  cold,  and  forms,  with  great 
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evolution  of  heat,  a  blood-red  solution  which  gives  off  a  large  quantity  of  gas  and  be- 
comes lighter,  oxalic  acid  being  formed  in  it.  When  phloroglucin  is  added  by 
small  quantities  to  somewhat  dilute  nitric  acid  moderately  heated  and 
kept  at  a  uniform  temperature,  a  deep  red  solution  is  formed,  which 
deposits  small  nodules.  These  are  purified  by  recrystallisation  from 
hot  water. 

Reddish  yellow  shining  scales  and  lammas,  having  a  slightly  bitter 
taste.     They  are  sparingly  soluble  in  water,  but  colour  it  yellow. 

Hlasiwetz  &  Pfaundler. 

12  C 72  ....  42-10  42-04 

N 14  ....   8-18        8-36 

5  H 5  ....   2-92  3-24 

10  0 80  ....  46-80       46-36 

C'^XH^QS 171  ....  100-00      100-00 


Phloramine. 

C^NH'O*  =  C^^AdH^'OSH*? 

Hlasiwetz  &  Pfaundler.     Wien.  Akad.  JBer.  43,  451 ;    Ami.  Fharm, 
119,  202;  abstr.  Che7?i.  Centr.  1861,  610. 

Phloroglucin,  over  which  dry  ammonia  gas  is  passed,  absorbs  large 
quantities  of  it,  and  melts ;  and  if,  as  soon  as  the  formation  of  water 
has  ceased,  the  resulting  crystalline  mass  is  dissolved  in  warm  water, 
crystals  of  phloramine  are  obtained. —  The  brown  solution  of  phloro- 
glucin in  5  pts.  warm  aqueous  ammonia,  deposits,  after  standing  for 
some  time,  ciystals  which  must  be  purified  by  recrystaUisation  from 
warm  water,  and  dried  as  quickly  as  possible  in  vacuo  over  oil  of 
vitriol. 

Properties.  Thin,  delicate,  micaceous  laminae,  which  separate  from 
the  filter  in  the  form  of  a  film  having  a  silky  lustre.  Taste,  slightly 
astringent.     Permanent  in  dry  air. 

Hlasiwetz  &  Pfaundler. 
Over  oil  of  vitriol.  mean. 

12  C 72     ....     57-60     57'39 

N 14     ....     11-20     11-37 

7  H 7     ....       5-60     5-78 

4  0 32     ....     25-60     25*46 


C12NH704 125     ....100-00     100-00 

Decompositions.  1.  Phloramine  heated  over  the  water-bath  acquires 
a  lemon-yellow  and  ultimately  a  dirty  brown  colour,  losing  weight  at 
the  same  time  and  becoming  insoluble  in  water.  After  6  hours  drying,  the  loss 
amounts  to  6  p.  c. ;  after  3  hours  drying,  the  product  contains  59"82  p.  c.  C.,  5-82  H, ; 
after  4  hours,  60-73  C,  5-77  H. ;  after  6  hours,  61-38  p.  c.  C,  5-70  H.,  and  11-yO  N., 
and  therefore  differs  from  phloramine  by  containing  between  \  and  1  at.  less  water. — 
2.  Phloramine  either  moist  or  dissolved  in  water  turns  brown  when  ex- 
X)osed  to  the  air. —  3.  Ftmiing  nitric  acid  acts  violently  on  phloramine, 
l^roducing  a  yellowish-red  solution  from  which  dark  brown  crystals  sepa- 
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rate,  probably  a  nitro-compound.  The  same  crystals  are  produced  when 
nitrate  of  phloramine  is  kept  in  the  moist  state. —  4.  When  phloramine 
is  heated  over  the  water-bath  with  oil  of  vitriol,  a  conjugated  suli^huric 
acid  is  formed,  whose  baryta-salt  crystallises  in  needles.  This  baryta- 
salt  and  the  solution  obtained  by  heating  phloramine  with  oil  of  vitriol, 
diluting,  neutralising  with  carbonate  of  baryta,^  boiling  and  filtering, 
acquires  a  fine  violet  colour  on  addition  of  sesquichloride  of  iron,  even 
if  the  liquid  is  very  dilute,  just  as  tyrosine  (xiii.  358)  does  when  simi- 
larly treated. —  5.  By  chlorate  of  potash  and  hydrochloric  acid,  phloramine 
is  converted  into  a  dark  brown  resin  which  gradually  becomes  lighter 
in  colour,  and  when  distilled,  gives  off  a  small  quantity  of  oil  having  an 
intensely  strong  odour  (perhaps  chlorinated  acetone),  and  leaves  a  resin. 
No  chloianil  is  formed  in  this  reaction —  6.  When  ammoniacal  phloroglucin 
is  exposed  to  the  air,  the  phloramine  formed  in  the  first  instance  dis- 
appears, and  the  liquid  dries  up  to  a  black  shining  brittle  mass,  which 
dissolves  in  aqueous  ammonia  and  is  thrown  down  by  acids  as  a  black- 
brown  precipitate.  This  precipitate,  after  being  washed,  dried,  again  washed  with 
warm  water,  and  again  dried,  resembles  pulverised  glance-coal,  and,  though  not  of  per- 
fectly  uniform  composition,  contains,  on  the  average,  69'6  p.  c.  C,  4*4  H.,  and  4-2  N. 
Perhaps,  therefore,  C^eNHiso*  (calc.  60-5  C,  4-2  H.,  3-9  N.),  formed  from  3  at.  phloro- 
glucin, 1  at.  ammonia,  and  2  at.  oxygen,  with  elimination  of  G  at.  water 7.     By 

aqueous  aZ^aZis,  phloramine  is  coloured  dark  and  decomposed. —  8.  It 
does  not  reduce  silver  from  its  solution  when  heated  therewith. 

Combinations.  Phloramine  is  sparingly  soluble  in  cold  water.  "  The 
solution  does  not  colour  sesquichloride  of  iron,  or  form  a  precipitate  with 
neutral  acetate  of  lead  or  nitrate  of  silver. 

It  imites  with  acids,  forming  salts  which  crystallise  well,  and  are  all 
soluble  in  alcohol. 

Sulphate  of  Phloramine. —  A  solution  of  phloramine  in  dilute  sulphu- 
ric [acid  yields  by  spontaneous  evaporation,  long,  yellowish,  brittle 
needles,  which,  when  heated  over  the  water-bath,  acquire  a  bright 
yellow  colour  and  give  off  9*38  p.c.  water  (2  at.  =  9-37  p.c.) 

Dried.  Hlasiwetz  &  Pfaundler. 

C12NH70SHO 134     ....     77-01 

S03    40     ....     22-99     ....     22-86 

Ci2NH'OSS03,HO  174     ....  100-00 

•  Hlasiwetz  doubles  the  formula,  in  accordance  with  the  bibasicity  of  sulphuric  acid. 

Hydrochlorate  of  Phloramine. —  Phloramine,  on  which  strong  hydro- 
chloric acid  is  poured,  crumbles  to  a  sandy  powder,  which  dissolves  when 
heated,  and-  separates  on  cooling  in  yellow  shining  laminae,  perhaps 
consisting  of  the  anhydrous  salt.  After  solution  in  water,  white 
needles  and  laminge  are  slowly  obtained,  which  turn  yellow  at  100°  and 
give  off  10-16  p.c.  water  (2  at.  =  10-02  p.c.) 


12  C    .... 

Dried. 

...     720     . 
...     14-0     . 
...       8-0     . 
...     320 

HIasi 
..     44-58     .... 
..       8-67 
..       4-95     .... 
..     19-82 
..     21-98     .... 

wetz  &  Pfaundler. 
44-78 

N  .... 
8  H  .... 



4-98 

4  0   .... 

CI  .... 

...     35-5     . 

....     21-64 

C'^NH^O 

MlCl  .... 

...  161-5     . 

..   100-00 
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Nitrate  of  Phloramine. —  Phloramine  dissolves  rapidly  in  warm  mode- 
rately concentrated  nitric  acid,  the  solution  yielding  the  salt  in  shining 
bronze-coloured  laminge  and  needles.    (Decompositions  p.  70.) 

at  100'  Hlasiwetz  &  Pfaundler. 


12  C     

...     72     . 

..     38-29     ... 
..     14-89     ... 
..       4-25     ... 
..     42-57     ... 

....     38-23 

2  N 

....     28     . 

....     14-59 

8  H 

8     . 

4-67 

10  O 

...     80     . 

....     42-51 

Ci-NH70^N05,HO  .... 

....  188     . 

..   10000     ... 

....  100-00 

Acetate  of  Phloramine. —  The  solution  of  phloramine  in  glacial  acetic 
acid  dries  up  to  a  yellow  varnish  without  forming  crystals.  When 
water  is  poured  upon  it,  there  remains  a  yellow  powder  wliich  when 
heated  partly  melts  to  a  resin  and  partly  dissolves. 

Oxalate  of  Phloramine  crystallises. 

Phloramine  dissolves  readily  in  alcohol,  but  is  insoluble  in  ether. 


Acetyl-phlorbglucin. 
C24JI12013  =  3C*H30^Gl2H3o^ 

Hlasiwetz  &  Pfaundler.     Ann  Pharm.  119,  201. 

Chloride  of  acetyl  (ix.  191)  acts  on  phloroglucin  even  at  mean 
temperatures,  and  at  higher  temperatures  converts  it,  with  evolu- 
tion of  hydrochloric  acid,  into  a  white  crystalhne  mass,  which,  after  the 
excess  of  chloride  of  acetyl  has  been  expelled,  may  be  recrystallised 
from  alcohol. 

Small  colourless  prisms  which  give  off  acetic  acid  when  heated. 
Insoluble  in  water. 


24  C 

....  144     . 

Hlasi 

..     57-14     ... 
...       4-76     ... 
..     38-10     ... 

wetz  &  Pfaundler. 

mean. 
56-78 

12  H    ... 

....     12     . 

4-97 

12  O    ... 

....     96     . 

....     38-25 

CJ2(C-»H3 

02)3H3O6    .... 

....  252     . 

..  100-00     ... 

....  100-00 

So  according  to  the  analogy  of  benzoylphloroglucin. — Analysis  gives  no  means  of 
determining  whether  1,  2,  or  3  at.  acetyl  have  entered  into  the  phloroglucin  in  place  of 
hydrogen,  inasmuch  as  all  three  products  would  have  the  same  percentage  composition. 
(Hlasiwetz). 


Benzoyl-phloroglucin. 

Hlasiwetz  &  Pfaundler.     Ann.  Pharm.  119,  201. 

Produced  by  the  action  of  chloride  of  benzoyl  on  phloroglucin,  and 
purified  by  boihng  with  alcohol,  in  which  it  is  nearly  insoluble.  Small, 
white,  shining  scales. 
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Hlasiwetz  &  Pfaundler. 

54  c      324     ....     73-97     73*59 

18  H    , 18     ....       4-11     4-31 

12  O  ...     96     ....     22-02     22-10 


Ci2(Ci4H502)3H3O^ 438     ....  100-00     lOO'OO 

CarhO'hjdrates  C^H^O^^ 
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Memoirs  relating  especially  to  soluble  starch. 
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Bechamp.     See  above. 

Starke,  Saizmehl,  Kraftmehl,  Amyhimy  Amidoti,  Matiere  amylacee* —  KnOWll 
to  the  ancients  ;  prepared  from  wheat,  especially  in  Crete  and  in  Egypt; 
according  to  Dioscorides,  it  was  called  ufxvXov  by  the  Greeks,  because  it 
could  be  obtained  without  grinding  with  mill-stones.  It  was  first 
separated  from  flour  by  Beccari,  in  1745. 

Sources.  Starch  is  very  widely  diffused  in  the  vegetable  kingdom. 
It  occurs  in  variable  quantity,  for  a  time,  at  least,  in  every  plant  that 
has  been  examined.  It  is  especially  abundant  in  certain  famihes  of 
plants,  and  occurs  in  very  large  quantity  in  certain  organs,  especially 
in  the  albumen  of  the  seeds  (not  in  those  of  acotyledons  :  Wahlenberg 
N.  Gehl.  81,  108),  in  the  cotyledons  of  the  embryo;  in  the  pith  of  the 
stem  and  stalks ;  in  bulbs,  tubers,  rhizomes,  and  roots  ;  also  in  the  bark 
and  splint  of  trees  in  the  winter-season ;  sometimes  in  the  flowers.     It 
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is  enclosed  in  vegetable  cells,  which  it  often  fills  completely,  or  is  scat- 
tered therein  in  granules,  but  is  never  attached  to  the  cell- walls  (Payen 
Compt.  rend.  18,  240) ;  according  to  Turpin,  on  the  contraiy,  the  starch 
granules  are  attached  by  their  hilum  to  the  wall  of  the  cell.  Starch 
may  occur  in  the  cells  of  all  organs  of  the  greater  number  of  plants, 
but  not  in  the  youngest  cellular  tissue,  which  is  composed  of  nitro- 
genous matter  and  cellulose ;  thus,  it  does  not  occur  in  the  spongioles 
of  the  roots,  the  youngest  leaf -buds,  or  the  youngest  forms  of  the 
flower,  in  the  interior  of  the  unimpregnated  ovary,  in  the  epidermis  and 
cells  lying  immediately  under  it,  or  in  the  vessels  and  intercellular 
passages.     (Payen.) 

Woody  plants,  which  are  green  in  summer,  contain  in  spring,  before 
the  commencement  of  vegetation,  granular  starch,  which,  as  the  sap 
begins  to  move,  is  gradually  dissolved  from  without,  inwards.  It  is 
distributed  through  all  parts  of  the  stem,  both  above  and  below  the 
surface  of  the  ground,  in  the  cells  of  the  parenchyma  and  prosenchyma, 
being  most  abundant  in  the  underground  wood,  less  in  the  stem-wood, 
least  in  the  branch  and  twig- wood ;  but  in  Fagus  Sylvatica  and  Carpinus 
hetulus,  it  is  most  abundant  in  the  cells  of  the  medullary  rays  of  the 
youngest  shoots.  (Hartig,  J.  p?\  Chem.  5,  217;  see  also,  AVahlenberg, 
N.  Gehl.  8,  108 ;  Robert,  J.  Pharm.  4,  545  ;  Hiinefeld,  J.  Pharm.  16,  664.) 

Starch  has  been  found  and  partially  examined  in  the  following 
plants,  among  others:  in  some  Confervos  (Mohl,  Meyer) ;  in  some  Charce, 
but  not  in  all;  in  the  stalks  of  Lycopodiacece  (not  in  the  seeds:  Schleiden), 
in  the  cellular  tissue  of  the  stem  and  branches  of  some  Bhizocarpeoe ; 
in  the  leaf-buds  of  Marchantia  and  Lanularia  ^(Yogel,  Linncea,  15,  59  ; 
J.  pr.  Chem.  25,  382). — In  the  roots  of  Arctium  Lappa,  Atropa  Bella- 
donna, Polygonum  Bistorta,  Spircea  filipendula,  Bcrophularia  nodosa, 
Samhucus  Ebulus,  and  S.  nigra,  Imperitoria  Ostruthium,  Bunium  Bulho- 
castanwn,  Orohus  tuherosus,  several  species  of  Rumex,  Hyoscyamus  niger 
(Parmentier) ;  Convolvulus  Jalappa^indC.  Tu?pethum,Bheumpalmatum,  and 
M.  rhaponticwn,  Pcwnia  officinalis,  Valeriana  officinalis,  Aristolochia  Clema- 
titis,  and  A.  Serpentaria,  Polypodium  Filix  mas,  Geum  urbanum,  Alpinia 
Galanga,  Fragaria  vesca,  NymjjIiTa  alba,  Brassica  Napus,  Laurus  Sassafras, 
Apium  Petroselinum,  Urtica  dio'ica,  Daucus  Carota  [according  to 
C.  Schmidt  {Ann.  Pharm.  83,  326),  it  is  not  found  in  this  plant,  but 
according  to  Wittstein  {Pharm.  Vierteljahr.  2,  122)  it  is],  Tropoeolum 
majus  (not  in  the  roots,  but  in  the  stem,  leaf-stalks  and  seeds;  Hiine- 
feld), in  various  species  of  Rumex,  Malva  sylvestris,  Glycyrrhiza  glabra, 
Cochlearia  armoracia  (not  in  the  seeds,  HunefeldJ.  Althaea  offieinalis. 
Ononis  spinOsa,  Humulus  Lupulus  (Robert,  J.  Pharm.  4,  542) ;  of  Asclepias 
syriaca  (not  in  the  part  of  the  plant  growing  above  ground),  abundantly 
in  the  roots  of  Triglochin  maritimum,  of  various  species  of  Plantago,  in 
Orchidacece,  Iridacece,  Ranmiculacea^ ;  sparingly  in  the  several  species  of 
Rumex,  not  at  all  in  the  roots  of  Syngenesice  and  Tetradynamice  (Hunefeld) ; 
of  Cephalis  Ipecacuanha  (Wilhgk,  Wien.  Akad.  Ber.  5,  190),  Bryonia  alba 
(Parmentier,  Riegel,  Jahrb.  pr.  Pharm.  6,  35),  Cocculus  palmatus,  Pas- 
tinaca  sativa  (Payen) ;  of  various  species  of  Arum,  Callodium  Succulen- 
tum,  various  species  of  Jatropha  (Ricord,  Madianna,  J.  Pharm.  16,  313  ; 
Schw.  59,  247) ;  of  Smilax  Sarsaparilla,  Daucus  Carota  (Schleiden.)  In 
the  tubers  of  Solanum  tuberosum,  of  Orchidacece,  of  Aponogeton  (Payen) 
of  Ipomcea  Batatas  and  /.  operculata  (Buchner,  Repert.  31,  393),  Oxalis 
cr^nata  (Payen).— In  the  root-stocks  of  Maranta  arundinacea  and 
M.  tndica,  of  various  species  of  Canna  (Payen,  Fritzsche,  Schleiden, 
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Eicord,  Madianna)  ;  Zea  Mais  (Payen,  Schleiden)  ;  Zinziheracece  and 
Dioscorece  (Ricord,  Madianna,  Schleiden)  ;  Hedychium  (Fritzsche)  ;  Vera- 
trum  album,  Acorus  Calamus,  Iris  germanica  (Robert)  ;  Curcuma  an- 
gustifolia  (Guibourt) ;  Curcuma  leucorrhiza,  Carex  arenaria,  Anatherum 
Iwarancusa,  Iridacece,  Lathrcea  squamaria  (Schleiden).  —  In  the  nodular 
roots  of  Ficaria  verna  (Schleiden).  —  Tn  the  bulbs  of  Liliacece  and 
Colchiacem  (Schleiden).  —  In  the  stalk  of  Bernhardia  dichotoma 
(Schleiden);  in  the  wood-stem  of  Aesculus  Hippocastanum,  Carpinus 
Betulus,  and  various  species  of  Populus,  Salix  and  Tilia,  amounting  to 
between  5  and  2G  per  cent,  of  the  wood  (Hartig,  vid.  snp.) ;  in  the 
wood-stem  of  Cycadea;  and  species  of  Sagiis  (Payen,  Guibourt,  Schlei- 
den), Cactacece  (Payen),  Blelia  Tankervilice,  Dieffenhachia  seguine 
(Schleiden),  Arundo  sacclmrifera,  Phoenix  faranifera  (Guibourt).  —  In 
the  bark  of  Aylanthus  glandulosa  (Schleiden),  sparingly  in  the  bark  of 
Finns  syluestris,  Fojyulus  nigra,  Laurus  Massoy,  Geoffroya  surinamensis  and 
G.  Jamaicensis,  Drhmjs  Winteri  (Iliinefeld).  —  In  the  thickened  paren- 
chyma of  the  leaves  of  Marallia  (Schleiden).- — In  the  green  parts  of 
Chenopodium  amhrosio'ides,  Achillea  millefolium,  Galeopsis  officinalis,  Teu- 
crium  marum,  Atropa  Belladonna,  Calendida  officinalis  (Iliinefeld).  —  In 
the  flowers  (not  in  white  flowers)  of  Tropceolum  ma  jus,  Helianthiis  annuus, 
Oenothera  grandijlora,  Fotentilla  pu7iica,  Heliopsis,  Tagetes  erecta.  (Iliine- 
feld, J.  pr.  Chem.  IG,  87).  —  In  unripe  apples  and  pears  Dobereiner, 
J.  l^r.  Chem.  28,  167;  Payen,  Compt.  rend.  53,  813).  The  existence  of 
starch  in  unripe  fruits  has  been  denied  by  some  authors  ;  but,  according  to  Payen,  it 
may  always  be  found  in  unripe  fruits  having  an  acid  juice,  if  the  following  method  of 
observation  be  adopted  :  A  thin,  vertical  slice  of  the  fruit  is  cut,  and  immediately 
plunged  into  water,  in  order  to  avoid  the  action  of  the  air  on  the  colouring  matter 
contained  in  it,  and  to  remove  from  its  surface  all  those  soluble  substances  which 
might  absorb  iodine.  After  this  washing,  an  aqueous  solution  of  iodine,  slightly 
alcoholised,  is  substituted  for  the  water,  and  the  slices  are  left  under  the  influence  of 
this  solution  for  an  hour  or  two.  Apples,  pears  and  quinces,  which  have  attained 
to  a  quarter  or  half  their  development,  exhibit,  when  thus  treated,  the  blue  or  deep 
violet  colour  which  indicates  the  presence  of  starch.  In  the  Seeds  of  Gramin- 
acece  (in  the  cereals,  however,  only  for  a  short  time  before  and  during 
maturity ;  Hiinefeld),  of  Leguminosce,  Chenopodiacece,  Amara7ithacew, 
Caryophyllacea^,  Fortulacece  (Trecul),  of  Beta  vidgaris  (Payen),  Momea 
americana,  Laurus,  Melia  sempervirens  (Ricord),  Zea  Mais,  Oryza  sativa 
(Payen,  Lassaigne,  J.  Chim.  med.  22,  4),  Alpinctria  Cardamomum 
(Schleiden),  Castanea  vesca  (Bianche  di  Como,  37*5  p.  c. ;  B.  di  Orta, 
38-02  ;  Val  Travaglia,  23*0  ;  Vallellina,  23*3  p.  c),  (Albini,  Wien.  Akad. 
Ber.  V^,  bi)'2).  Aescidus  Hippocastanum  (Flandin,  Belloc).  Theohroma 
Cacao  (Lampadius,  Buchner,  Repert.  58,  166);  not  hi  the  seed  of 
Theohroma  Cacao  (Delcher  &  ChevalUer,  J.  Chim.  med.  14,  467 ; 
Ilerzog,  N.  Br.  Arch.  06,  216),  in  some  varieties  (Bley,  loc.  cit.).  In 
Trehala,  the  exsudate  of  a  species  of  Echinops,  probably  a  native  of 
Syria,  to  the  amount  of  66*54  per  cent.,  together  with  trehalose  and 
gum.     (Guibourt,  Compt.  rend.  46,  1213.) 

Starch  is  formed  in  plants  only  when  tlie  nutriment  is  in  excess, 
and  is  dissolved  and  used  up  at  a  later  stage  of  the  vegetative  process, 
when  the  nutriment  becomes  deficient  (Payen)  :  it  is  probably  formed 
from  vegetable  mucus  (Schleiden).  Before  the  starch  appears  in  the 
cells,  they  are  filled  with  agranular  or  homogenous  mass  (protoplasma), 
the  development  of  which  is  slower  than  that  of  the  cell,  so  that  it 
spreads  itself  in  a  layer  of  varying  thickness  over  the  inner  surface  of 
the  cell,  eny eloping  the  nucleus  perhaps  already  present,  and  sometimes 
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spreading  in  a  thread-like  form  over  its  surface ;  the  starch  is  most 
frequently  formed  in  this  protoplasma,  more  rarely  on  the  surface  or 
in  the  interior  of  the  nucleus.  (Trecul,  Compt.  rend.  47,  782.) 

On  the  quantity  of  starch  in  different  parts  of  plants,  according  to  Krocker  {Ann. 
Pharm.  58,  212),  see  in  Gmelin's  IJandbucJi,  Band  VIIT,  Phytochemie,  s.  672  ;  also 
GerhardVs  Traite,  torn.  ii.  p.  486. 

2.  In  the  Animal  Kingdom.  In  the  spleen,  liver,  kidneys,  mucous 
membrane,  bladder,  and  brain,  in  variable  quantities,  sometimes  in  the 
mucus  of  the  bronchise  and  bladder,  in  the  urine,  in  cancerous  and 
tuberculous  exsudations  (Carter,  N.  Ann.  Chim.  Phys.  56,  358 ;  Rep.  Chini. 
pure,  1,  475). — A  substance  resembling  starch  is  found  in  the  epithelial 
cells  of  the  membranes  of  the  amnios  and  placenta  ;  in  the  epidermal 
cells  of  the  skin,  gums,  and  tongue  ;  in  the  epithehum  of  the  stomach 
and  intestines  (Rouget,  Compt.  rend.  48,  792;  Rep.  Ckim.pwe,  1,  395). 
According  to  Dobson,  it  occurs  in  the  secretion  of  the  Psylla,  an  insect 
which  lives  on  the  leaves  of  the  Eucalyptus  (Trecul,  Compt.  rend.  47, 
688). 

On  animal  amyloid,  a  substance  nearly  resembling  starch,  see  Handbuch 
Band  VIII,  Zoochemie,  s.  75  ;  the  recent  observations  of  Kekule  and  Paulitzky 
(Schmidt's  medic.  Jahrb.  103,  7  and  10) ;  on  the  (not  yet  isolated)  vegetable  amyloid, 
see  Vogel  &  Schleiden.  {Pogg.  46,  327).  —  The  hordein  or  cevadin  found  by  Proust 
{Ann.  Chim.  Phys.  5,  339)  and  Bizio^  in  the  grain  of  barley  and  in  maize,  is,  according 
to  Braconnot  {Ann.  Chim.  Phys.  35,  159)  and  Guibourt  (./.  Chim.  med,  5,  158; 
Schw.  56,  119),  a  mixture  of  woody  fibre,  starch,  and  nitrogenous  matter. 

Preparation.  1.  From  Wheat. — ^AVheat-starch,  Weizenstdrhmehl,  Wei- 
zenstdrke.,  Amidam,  Amidone. — Wheat  after  being  softened  in  cold  water, 
is  pressed  under  mill-stones  or  rollers,  or  in  bags  under  water,  as  long 
as  milky  water  runs  off  from  it.  This  liquid,  when  left  to  itself,  deposits 
starch  containing  glutin;  the  latter,  however,  dissolves  for  the  most  part 
in  the  supernatant  liquid,  which  gradually  turns  sour  (sour  water),  and  on 
decanting  this  acid  liquid,  repeatedly  stirring  up  the  starch  with  fresh 
water,  and  leaving  it  to  settle,  it  is  at  length  obtained  pure,  and  may 
be  dried  in  suitable  desiccating  chambers.  —  Wheat-flour  is  mixed  with 
4  to  5  volumes  of  water,  and  -|  to  -^^  vol.  sour  water  obtained  from 
former  operations ;  this  sets  up  a  fermentation,  which  lasts  from  2  to 
4  weeks,  according  to  the  temperature,  and  is  interrupted  as  soon  as 
the  nitrogenised  substances  are  decomposed  and  dissolved.  The 
sediment  of  starch  which  remains  at  the  end  of  a  fennentation,  is 
repeatedly  washed  with  water,  sifted,  and  dried  in  desicating  cham- 
bers.—Starch  maybe  freed  from  glutin  by  means  of  cold,  dilute  potash- 
ley  (Kirchhoff ),  or  by  distilled  vinegar  (Saussure),  from  pieces  of  fat 
and  other  matter,  by  prolonged  treatment  with  cold  water,  alcohol,  or 
ether. 

2.  From  Potatoes.  —  Potato- starch,  Kartoffelstarhnehl,  Fecule. — 
Washed  and  rasped  potatoes  are  drenched  in  a  sieve  with  a  continued 
stream  of  cold  water,  and  the  milky  liquid  which  runs  through  is  set  aside 
for  a  few  minutes,  till  the  heavier  impurities  have  settled  down,  and 
then  left  to  stand  for  3  or  4  hours  in  another  pan.  The  starch  which 
collects  at  the  bottom  of  the  clear  liquid  is  stirred  up  with  water, 
poured  through  hair  sieves,  then  left  to  settle,  repeatedly  washed  with 
cold  water,  and  dried,  first  on  plates  of  gypsum,  afterwards  in  desic- 
cating chambers.     The  starch  thus  obtained  is  purified  by  successive 
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washing  with  the  following"  liquids : — 1.  Cold  alcohol. — 2.  Water. — 
3.  Water  containing  0*002  p.  c.  hydrochloric  acid. — 4.  Water. — 5.  Water 
containing  O'OOo  p.  c.  potash. — 6.  Water.  (Payen).  After  this  treat- 
ment, the  starch  contains  hydrochloric  acid  (Jacquelain,  Gerhardt  Traite^ 
2,  486),  but  may  be  purified  by  boiling  with  alcohol  containing  O'l  p.  c. 
hydrate  of  potash,  then  washing  with  pure  alcohol  and  with  water. 

3.  From  the  root-sprouts  of  Maranta  indica  and  31.  arundinacea. — 
American  starch,  Arrow-root. — Mode  of  preparation  the  same  as  2. 

4.  From  the  roots  of  Janipha  Manihot. — Tapioca. — The  washed  and 
bruised  roots  are  pressed  in  bags  under  water;  the  starch  which 
separates  from  the  milky  liquid  is  mealy  tapioca;  after  drying  upon  hot 
plates,  it  becomes  granular  tapioca;  the  portion  of  the  pulp  which 
remains  after  washing  and  pressing  is  spread  out  on  iron  plates  in  a 
layer  1  or  2  inches  deep,  and  strongly  dried  into  cakes  ;  this  is  Cassava 
bread;  when  pulverised  it  forms  Manjoh  flour,  and  when  again  heated 
on  iron  plates  till  it  swells  up ;  Mandiokka.  (Sureau,  J.  Pharm.  20,  622). 

5.  From  the  stems  of  several  species  of  Sagus  and  Cycas. — Sago. — The 
starch  is  washed  out  of  the  pith  of  the  stems  on  sieves  in  a  stream  of 
water,  then  left  to  settle,  washed  on  cloths  or  mats,  rubbed  when 
half  dry  through  metal  sieves,  and  when  thus  granulated,  it  is  dried  at 
about  60°  in  ovens  of  peculiar  construction. 

6.  From  Rice. — Rice  is  heated  with  weak  soda-ley,  which  dissolves 
the  nitrogenous  impurities,  and  leaves  pure  starch  (Lassaigne,  J.  Chim. 
med.  22,  4),  then  with  a  solution  of  borax,  cream  of  tartar,  or  some 
other  salts,  to  facilitate  the  separation  of  the  starch  from  glutin. 
(Colmann,  Rep.  of  pat.  inventions,  38,  178.) 

7.  From  Horse-chestnuts,  ^c.  —  The  same  method  as  in  2,  excepting 
that  the  starch  is  likewise  well  washed  with  aqueous  carbonate  of 
soda,  to  remove  the  bitter  principle  (Flandin,  Compt.  rend.  27,  349), 
or  merely  with  water,  Hke  potato-starch  (Belloc,  Compt.  rend.  28,  83). 

Properties.  White  shining  powder,  soft  to  the  touch,  grating 
between  the  fingers  or  the  teeth,  sometimes  consisting  of  amorphous 
masses,  but  more  frequently  of  granules  recognisable  by  the  micro- 
scope. —  These  granules,  of  various  diameter  (from  J^  to  -^  of  a  fine, 
Fitzsche),  (from  '185  to  '002  miUimetres,  Payen),  and  form  (Payen), 
(mostly  egg-shaped,  according  to  Fritzsche  &  Schleiden),  have 
generally  a  small  eccentric  nucleus  (Fritzsche's  nucleus;  Schleiden's 
central  cavity),  surrounded  by  layers  arranged  concentrically  one  over 
the  other  (Fritzsche,  Payen,  Schleiden).  These  envelopes  increase  by 
the  successive  deposition  of  new  layers  within  the  old  ones  (Schlei- 
den), so  that  each  layer  is  younger  and  less  compactly  aggregated 
than  the  one  which  immediately  surrounds  it  (Payen) ;  and  since  the 
layers  are  for  the  most  part  of  variable  thickness,  they  cause  the 
granule  to  deviate  gradually  in  form  from  the  originally  spherical 
nucleus.  (Schleiden.)  —  According  to  Maschke,  the  starch-granules 
appear  like  bundles  of  3  —  6  concentric  bladders,  with  hght  and  dark 
rings,  the  light  rings  being  formed  of  insoluble,  the  dark  of  soluble, 
starch,  and  enclosing  the  central  cavity  of  the  innermost  bladder, 
which  is  either  empty  or  filled  with  Hquid  amylone.    According  to  Pohl 
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(J.  pr.  CJiem.  83,  35),  the  stratification  of  starch-granules  is  perceptible  only  when 
they  are  immersed  in  water  [possibly  because  the  dry  starch  is  not  sufficiently  trans- 
parent]. 

1.  Amorphous  Starch,  in  the  albumen  of  Cardamomum,  in  Jamaica 
sarsaparilla  root,  in  the  root- stock  of  Car  ex  arenaria  (Schleiden) ; 
dissolved  in  the  epidermal  cells  of  Gagea  lutea  and  several  species  of 
Ornithogalum  (Sanio  &  Schunck) ;  only  partially  granular  in  the  root 
of  Aristolochia.     (Trecul.) 

2.  Simple  starch- granules.  —  a.  Roundish.  With  apparently  defi- 
cient nucleus :  throughout  the  vegetable  kingdom ;  with  small  round 
nucleus  and  distinct  lamination :  very  crude  in  the  pith  of  Cycadacece  ; 
egg-shaped  in  potatoes,  in  the  root-stock  of  Maranta,  Canna,  &c. ; 
conchoidal  in  the  larger  Liliacece ;  with  indistinct  or  deficient  lamina- 
tion, rounded  and  many-angled,  in  maize  ;  sharp-edged,  with  numerous 
summits,  in  rice;  with  elongated  nucleus,  roundish  or  egg-shaped, 
and  exhibiting  a  star-shaped  crack  in  the  inner  layers  when  dry,  in 
Leguminosoe;  hollow,  apparently  cup-shaped,  in  the  root-stock  of  /m 
florentina  and  allied  species.  —  h.  Flattened  lenticular.  AVith  or  without 
lamination,  the  nucleus  being  central  or  eccentric,  sometimes  roundisli 
or  elongated,  or  with  a  star-shaped  fissure,  in  the  cereals,  -f-  c.  Flat 
dish-shaped.  With  distinct  lamination  :  in  Zinziberacece.  —  d.  Bar- 
shaped.  With  elongated  nucleus :  in  the  milky  juice  of  European  and 
of  some  tropical  Euphorhiacece.  —  e.  Quite  irregidar :  in  the  milky  juice 
of  many  tropical  Euphorhiacece.     (Schleiden.) 

3.  Composite  granules.  —  a.  The  individual  granules  having  no  distinct 
7iucleus.  United  by  twos,  threes,  and  fours,  in  the  simplest  manner  : 
in  the  Marantaceoi  {Arrow-root),  in  Marattea,  and  in  the  root  of  Bry- 
onia ;  —  united^  for  the  most  part  regularly,  in  groups  of  2  —  6  :  in  the 
root-bark  of  Sarsap)arilla.  —  b.  The  individual  granules  in  the  groups  having 
a  distinct  nucleus.  United  in  groups  of  2  —  4,  cells  of  uniform  size,  with 
small  roundish  nucleus  :  in  the  root  of  Janipha  Manihot ;  with  large 
nucleus,  spUt  in  beautiful  stellate  form :  in  Colchicum  bulbs ;  composed 
of  2  —  4  apparently  cup-shaped  nuclei :  in  the  root  of  Anatherum 
Jwarancusa ;  of  2  —  12  granules  in  irregular  groups :  in  the  tubers  of 
Amm  Maculatum.  —  c.  Small  granules  grouped  round  a  large  grain:  in 
the  several  kinds  of  sago.     (Schleiden.) 

On  the  structure  of  starch-grains  in  arrow-root,  Dioscorea  alata,  Helianthus 
tuherosus,  batatas,  potato  and  OrcJiidaccB,  see  Pay  en  {J,  Chim.  med.  2,  237)  ;  in  wheat, 
arrow-root  Jatrojjha,  sago,  and  Orchidacece  (Guibourt,  /.  Chim.  med.  5,  96);  in 
Bryonia  (Riegel,  Jahrb.  Pharm.  6,  35),  in  rice  (Lassaigne,  /.  Chim.  med.  22,  4), 
in  Anemone  nemorasa  and  Arum  maculatum  (Enz,  Pharm.  Vierteljah.  5,  97); 
in  various  plants  (Soubeiran,  N.  J.  Pharm.  25,  89,  and  175 ;  Field,  Pharm.  J.  Trans. 
14,  253;  Grundy,  Pharm.  J.  Trans.  14,  446;  Nageli  Ueber  die  Structure  der 
Stdrhnehlkorner,  1858);  in  the  Trehala  (Guibourt,  Compt.rend.  46,  1215).  — On  the 
structure  of  starch-granules  in  the  spleen  and  liver,  see  Carter,  N.  Ann.  Chim.  Phys. 
56,  368;  Rep.  Chim.  pure,  1  475.  —  On  the  appearances  exhibited  by  the  starch- 
granule  when  examined  by  the  microscope  in  polarised  light  by  means  of  a  double 
refracting  prism,  see  Biot,  Compt.  rend.  5,  905:  18,  795.  —  iV.  Ann.  Chim.  Phys. 
11,  100). 

The  following  table  exhibits  the  greatest  diameter  of  several  kmds 
of  starch-granules,  according  to  Payen  {N.  Ann,  Sc,  nat,  Botan.  10,  65)  i 


STARCH. 


Starch  from — 
Large  Rohan  potatoes 
M emspe7^mum  palmatum  (colomho-root)   .. 
Rhizomes  of  Carina  gigantea 
Rhizomes  of  Carina  discolor^ 

,,         ,,  Maranta  arundinacea  (arrow-root) 
Various  kinds  of  potatoes 

Bulbs  of  the  Hly    . .  

Tubers  of  Oxalis  crenata  . .  . ,  . .  . 

Stem  of  a  veiy  large  Echinocactus  erinaceus  (imported) 

Sago  . .  

Broad  beans  .... 

Lentils 

Haricot  beans 

Peas 

Grain  of  White  Wheat 

Fresh  pith  of  sago-tree  {Cycadece) 

Hyacinth-bulbs 

Tubers  of  Spanish  potato  {Batatas  edulis) 

Corns  of  Orxhis  latifolia  and  hifolia 

Maize  (white,  yellow,  and  violet) 

Fruit  of  Chinese  sugar-cane  {Sorghum  saccharatinii) 

Stem  of  Cactus  peruvianus 

Seeds  of  Ndias  major 

Stem  of  Cactus  peresTcia  grandijiora 

Seeds  of  Aponogeton  distachyum  . . 

Stem  of  Ginkgo  hiloha  {Salishuria  adianthifolia)  . . 

„        Cactus  hrasiliensis 
Fruit  of  Panicum  italicum. . 
Half- grown  seeds  of  Ndias  major 
Pollen  of  Globba  nutans     . . 
Stem  of  Cactus  flagelliforinis         . .  . ,  . . 

,,        Echinocactus  erinaceus  (grown  in  hothouse) 
Pollen  of  Rupia  maritima 
Stem  of  Opuntia  tuna  and  Ficus  indica  . . 

,,         Opuntia  curassavica 
Fruit  of  Panicum  miliaceum  (millet) 
Stem  of  Cactus  mammilaria  discolor 
Bark  of  Aylanthus  glandulosa 
Stem  of  Cactus  serpentinus 
Parsneps     . . 
Pollen  of  Ndias  major 
Stem  of  Cactus  monstruosus 
Seeds  of  beet-root 

„         Chenopodium  Quinoa 


Millimetre. 
0-185 
•180 
•175 
•150 
•140 
•140 
•115 
•100 
•075 
•070 
•075 
•067 
•063 
•050 
•050 
•045 
•045 
•045 
•045 
•030 
•030 
•030 
•030 
•0225 
•0225 
•022 
•020 
•016 
•016 
•015 
•015 
•012 
•Oil 
•010 
•010 
•010 
•008 
•008 
•0075 
•0075 
•0075 
•006 
•004 
•002 


The  specific  gravity  of  starch  is  1*505  at  19-7°.  (Payen.)  —  The 
variations  in  its  specific  gravity  are  due  to  varieties  in  the  structure 
of  the  starch- granules.  (Payen  &  Chevaher,  J.  Pharm.  9,  187.)  — 
It  has  neither  taste  nor  smell.  Potato-starch,  not  aiTow-root  starch 
(Pohl,  J.  2or.  Chern.  83,  40),  has  a  peculiar  smell,  caused  by  its  contain- 
ing a  certain  quantity  of  a  volatile  oil  (Payen,  Compt.  rend.  23,  489). 
—  Neutral. '  (Guerin-Yany.)  (Potato -starch  turns  vegetable  reds 
blue:  Payen). 
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24  C   144 

20  H  20 

20  O  160 

C24H20O20  ....  324 


Potato-starcJi. 

Gu^rin-Varrv.      Berzelius.  Mulder. 

at  100°.  '         at  100°.  at  100°. 

44-44     43-64     44-25     43-86 

6-17     6-26     6-67     6-28 

49-39     50-10     49-08     49-86' 


100-00 


100-00     100-00     100-00 


Brunner. 

C  44-10 

H 6-47 

0 49-43 

....  100-00 


Blondeau.  Payen.  Jacquelain. 

in  vacuo.  0/100°.  a/ 140°. 

40-05     43-18     45-03     44-17 

6-53     6-JO     6-37     6-37 

53-42  50-72  48*60  49-46 


100-00  10-000 


100-00 


100-00 


G.-Luss.  &  Then. 

at  100°. 

43-55     

6-77     

49-68     

Wheat-starch. 
Prout. 

Fr.  Marcet. 

at  100^ 
....     43-70     .. 
....       6-70     .. 
...     49-60     .. 

Dean. 

c 

H 
0 

air-dried. 

37-50 
.       6-94 
.     55-56 

at  100°. 
....     42-80     .... 
....       6-35     .... 
....     50-85     .... 

at  160°. 

44-00 

6-20 

49-80 

at  100°. 
..     44-04 
..       6-58 
..     49-43J 

100-00  100-00 


100-00 


100-00 


100-00 


100-00 


Prout. 

air-dried.        at  100°. 
...     36-40     ....     44-40 
....       7-07     ....       6-18     . 
...     56-53     ....     49-42     . 

Arrow 

-root. 

Payen. 

Dean. 

c  . 

H 
O 

at  80°. 
...     42-89 
...       6-35 
...     50-76 

at  100°. 
....     43-69 
....       6-25 
....     50-06 

at  140°. 
...     43-96 

6-10     . 
...     49-94     . 

at  100». 
...     43-35 
...       6-40 
...     50-25 

100-00 


100-00 


100-00 


100-00 


100-00 


100-00 


Maize. 

Tapioca. 

Sago. 

Bean-starch. 

Dean. 
al  100°. 

Dean. 

an  00°. 

Dean. 
at  100°. 

Payen. 
at  80°. 

c 

43-73     . 

...     43-70 
....       0-49 
....     49-81 

43-58     .... 

6-31     .... 

50-11     .... 

42-55 

H 

O 

6-59     ... 

49-68     ... 

...       6-12 
....     51-33 

100-00     ... 

....  100-00 

100-00     .... 

....  100-00 

Bean-starch. 

Parsnep-starch. 

Payen. 
at  100°. 

Payen. 

at  80°. 

in  vacuo. 

at  100°. 

C 

43-76 

....     42-93 
....       6-50 
....     50-57 

44-34     .... 

6-30     .... 

49-36     .... 

A.'\'9,(S 

H.... 
O 

6-00     ... 

50*24 

....       6-39 
49-81 

100-00     ... 

....  100-00 

100-00     .... 

...  100-00 
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Early  formulte  for  starch  :  OnV^0^\  Berzelias  ;  C^H^'O'",  Prout ;  C^'HiOQi^, 
Guerin-Varry;  more  recent  formulae:  Ci^H^oOi",  Mulder;  C'-Hi'^O^HO,  Payen. — 
The  opinion  which  was  expressed  by  Leeuwenhoek ,  as  early  as  1716,  as  to  the  difference 
between  the  envelope  of  starch-granules  and  the  substance  contained  within  it,  was  con- 
firmed by  llaspail  (A^.  St/st.  de  Chim.  org.  1833),  who,  however,  considered  the  con- 
tents as  chemically  different  from  the  envelope  of  the  starch-granules,  and  as  identical 
with  gum  arable;  Guibourt  (/.  Chim.  med.  5,  9fi)  regarded  both  envelope  and  contents 
as  chemically  the  same  and  only  differing  in  their  state  of  aggregation  ;  he  named  the 
contents  of  the  granules,  which  Raspail  had  called  gum,  fecule  soluble,  and  supposed  it 
to  be  identical  with  the  substance,  called  Amidin  by  Saussure  {Ann.  Chim.  Phys.  11, 
385)  and  Amidon  modifii  by  Caventou  {Ann.  Chim.  Phys.  31,  337),  which  is  formed, 
according  to  the  latter,  when  starch  is  boiled  with  water,  or  heated  above  100°  without 
water.  Guerin-Varry  nevertheless  concluded,  from  the  behaviour  of  starch  with  water, 
that  it  must  contain  three  constituents,  and  called  the  portion  soluble  in  cold  water 
Amidine,  that  which  is  insoluble  in  boiling  water  (the  envelope)  Amidine  tegumentaire, 
and  that  which  by  itself  is  insoluble  in  cold  water,  but  is  rendered  soluble  by  the 
amidine,  Amidine  soluble.  According  to  him,  starch  consists  of  2'96  p.c.  amidine 
t^gumentaire,  38'38  amidine  soluble,  and  58'68  amidine ;  the  composition  of  amidine 
tegumentaire  and  of  amidine  soluble  corresponds  to  the  formula  C'R^O*,  that  of 
amidine  to  the  formula  C^^YiPO^,  and  hence  the  composition  of  starch  {Amidone),  which 
consists  of  amidine  and  amidine  soluble,  must  be  represented  by  the  formula  C'^H^^O^" 
=  C'OIPO^  +  C^H^O'*.  —  Payen  &  Persoz  {Ann.  Chim.  Phys.  5(5,  337)  regard 
starch  {Amidone),  excepting  the  envelope  of  the  granules,  amounting  to  0"4  —  0*5 
per  cent,  as  a  single  substance,  and  Guerin-Varry's  amidine  as  partially  decomposed 
amidone,  his  amidine  soluble  as  amidone  in  the  free  state,  and  his  amiditie  tegumen- 
taire as  amidone  with  the  envelopes  of  the  granules.  Payen  {N.  Ann.  Sc.  nat.  Bot. 
10,  201)  recognises  no  chemical  difference  between  the  envelope  and  contents  of 
starch-granules,  and  ascribes  the  different  behaviour  of  the  outer  and  inner  layers 
to  certain  solvents,  to  the  former  containing  a  certain  quantity  of  albumin,  fixed 
and  volatile  oil,  lime-salts,  and  other  matters.  Wheat-starch  contains,  according  to 
Rousseau  {Pogg.  32,  101),  0-005  —  O'OOG  per  cent.,  and  potato-starch  0-001  per  cent, 
of  a  white  tallow,  easily  soluble  in  alcohol;  according  to  Guerin-VaiTy,  nothing  but 
chlorophyll  and  wax,  and  no  volatile  oil  (Potato-fusel~oil),  whose  existence  ready 
formed  in  the  envelopes  of  the  granules  was  assumed  by  Payen  {Ann.  Chim.  Phys. 
53,  82;  J.  Chim.  med.  9,  507).  Comp.  Dubrunfaut  &  Beudant.  —  According  to 
Blondeau  de  CaroUes,  all  the  layers  of  the  starch -granule  are  chemically  the  same, 
but  differ  in  density.  According  to  Melsens  (/n*/.  1857,  161),  starch  probably  consists 
of  a  nitrogenous  substance  (Dean  found  in  the  quoted  analyses  of  various  kinds  of 
starch  0"10  —  0*25  p.  cent,  nitrogen)  and  of  a  substance  allied  to  cellulose,  which 
envelopes  the  starch  strictly  so-called ;  according  to  Kiigeli,  it  consists  of  two 
distinct  compounds,  which  form  a  sort  of  diffusion,  and  of  which  he  names  that 
one  which  is  soluble  in  saliva  granulose,  and  regards  the  one  which  remains 
undissolved  as  cellulose ;  the  latter  substance  is,  however,  not  cellulose  according  to 
Mohl  {Bot.  Zeit.  1859,  225  and  233),  who  doubts  the  occurrence  of  this  compound 
in  starch-granules  at  all. 

Decomj)ositions.  1.  Starcli  heated  to  160°isc]iaiigecl  ( — according-  to 
Maschke,  first  into  tlie  modification  soluble  in  hot  water,  then — )  into 
dextrin.     (Vauquelin  &  others). 

It  becomes  coloured  and  froths  up  as  the  temperature  is  raised, 
and,  if  constantly  stirred,  yields  a  melted  mass,  which,  at  220°— 230°, 
consists  chiefly  of  pyrodextrin  with  a  little  unaltered  and  burnt  starch. 
(Gehs,  N.  Ann.  Chim.  Phjs.  52,  388.)  Starch  di-ied  at  100°  remains 
unchanged  at  160°,  but,  when  heated  for  half  an  hour  to  200°,  it 
1  tocomes  brownish  yellow,  without  appreciable  loss  of  weight  (in  the 
>same  way  as  undried  starch  at  160°),  for  the  most  part  soluble  in  water, 
and  its  specific  gravity  rises  to  1*555.  Air-dried  starch,  heated  in  a 
sealed  tube  to  200°  for  an  hour,  or  starch  heated  in  the  air  to  205°  -  215°, 
is  changed  into  a  transparent,  melted  mass ;  and  when  in  this  way  the 
maximum  degree  of  solubihty  in  water  has  been  reached,  it  is  entirely 
converted  into  dextrin.     (Payen.) 
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Air-dried  potato-starch,  heated  in  a  sealed  tube  in  a  water-bath  for 
a  day,  shows  no  outward  alteration,  but  does  not  form  a  paste  wlicii 
boiled  with  water;  and,  when  this  solution  is  left  to  stand,  the  undis- 
solved portion  soon  settles  down.  The  filtered  solution  treated  witli 
an  equal  quantity  of  alcohol  of  sp.  gT.  0*833,  yields  a  deposit,  which,  if 
collected  after  some  hours,  the  spirit  being-  allowed  to  drain  away 
(while  still  moist,  therefore  (Kr.),  constitutes  Maschke's  soluble 
starch  :  a  white,  salve-like,  sticky  mass ;  easily  soluble  in  cold  water, 
and  also  in  dilute  spirit.  —  When  this  substance  is  spread  upon  g-lass 
plates,  and  exposed  for  some  hours  for  the  spirit  to  evaporate,  it 
contracts  from  loss  of  moistm-e,  and  then  resembles  coagulated  albu- 
min (in  being  a  white,  moist,  somewhat  elastic  mass,  but  not  sticky), 
and  thereby  (or  when  completely  dried,  when  it  has  the  appearance  of 
a  hard,  transparent,  yellow  gum)  loses  its  solubility  in  cold 
water,  but  is  still  dissolved  when  boiled  with  water.  (Maschke). 
Air- dried  starch,  heated  for  half  an  hour  to  210°  —  214°  in  a  sealed 
tube,  yields  the  same  soluble  starch  and  dextrin ;  starch,  dried  u  i 
150°,  gives  scarcely  any  thing  but  dextrin  under  these  circumstanc(- 
(Maschke.) 

Wheat-starch  dried  at  100°  loses  in  six  hours,  at  150° — 176°,  2-:5 
p.  cent,  of  its  weight,  and  becomes  pale  yellow ;  arrow-root,  treated  in 
the  same  way,  becomes  darker  yellow,  and  loses  1*38  p.  cent.  (Prout.) — 
Starch,  heated  somewhat  above  100°,  acquires  a  reddish  colour,  smells 
like  burnt  bread,  and  is  converted  into  Saussure's  amidine.  (Caventou.) 
If  it  is  heated  upon  hot  iron  plates  and  moistened  with  water,  each 
granule  is  seen  under  the  microscope  to  be  in  motion,  and  to  draw 
after  itself  a  projecting  streak  of  a  substance  soluble  in  water  (Raspail), 
which,  however,  consists  of  the  contents  of  the  granule  already  modified. 
(Poggendorff,  Po^g.  37,  116.) 

2.  Starch  gives,  by  dri/  distillation,  carbonic  acid,  carburetted  hydro- 
gen gas,  water,  acetic  acid,  and  empyreumatic  oil,  and  leaves  a  porous 
cinder. 

3.  In  the  open  fire,  it  becomes  soft,  swells  up,  evolves  choking 
vapours,  and  at  last  burns  with  a  bright  flame. 

4.  It  is  oxidized  slowly  by  oxygen,  more  quickly  by  ozonized  air^ 
yielding  but  little  carbonic  acid.  The  decomposition  also  takes  place  in 
the  absence  of  fight,  even  below  0°,  also  by  the  action  of  atmospheric 
air.     (Karsten,  BerlATcad.  Ber.  1860,  38;  abstr.  J.  pr.  Chem.  79,  226.) 

—  Starch  remains  unchanged  in  ozone  (Gorup-Besanez,  Aim.  Pharm.  110, 
103  ;  J.  pr.  Chem.  77,  407) ;  but  acquires  a  smell  of  apples,    (Schonbein.) 

—  By  distillation  with  peroxide  of  manganese,  sulphuric  acid,  and  ivater^ 
it  yields  carbonic  acid,  aqueous  formic  acid  (Wohler,  C.  G.  Gmehn),  and 
furfurol       (Comp.  vii.  273  andx.  370.) 

5.  Starch  is  converted  by  heating  with  ivater,  first  of  all  into  paste 
(see  combinations),  the  granules  swelling  up,  and  this  by  longer  heating 
in  the  water-bath  is  transformed  into  soluble  starch  and  a  smaU  quan- 
tity of  dextrin  (Maschke),  completely  into  dextrin  at  150°  (Mitscherlich, 
Pogg.  55,  221),  at  160°  (Jacquelain),  in  general  by  long  boiling  (Payen), 
and  at  last  into  sugar.  (Jacquelain.)  —  Starch  remains  unaltered  for 
four  months  in  water  free  from  air  and  protected  from  the  air  at  16°, 
but  makes  the  water  acid,  and  acquires  a  peculiar  smell  if  air  has 
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access  to  it  (Guerin-Varry) ;  in  contact  with  water  at  45''  for  two  dobjs, 
it  evolves  carbonic  and  acetic  acids  (Edwards  &  Colin) ;  pm-e  starch 
evolves  nothing,  commercial  starch  only  carbonic  acid.  (Guerin-Varry.) 
—  According  to  Caventou,  starch  is  partially  converted  into  soluble 
amidin  by  boiling  water,  or  by  water  at  60° —  70°,  and  is  transformed 
by  continued  boiling  into  starch-gum. 

According  to  Guerin-Varry,  when  it  is  boiled  from  a  quarter  of  an 
hour  to  ail  hour  with  100  —  200  parts  of  water,  amidine  tegumentaire 
remains  behind,  while  amidine  soluble  and  amidine  are  dissolved,  the  first 
of  which  remains  as  a  residue  insoluble  in  cold  water  when  the  solution 
is  evaporated.  For  the  rest,  amidine,  which  is  easily  and  completely 
soluble  in  cold  water,  producing  a  sHmy  liquid,  resembles  starch,  and 
has,  according  to  Biot,  a  stronger  dextro-rotatory  power  than  cane- 
sugar.  The  amidine  soluble,  which  remains  dissolved  through  the 
agency  of  the  amidine,  possesses,  after  it  has  been  separated  again,  all 
the  properties  of  amidine  tegumentaire ;  both  resemble  cellulose  in  pro- 
perties and  composition,  but  are  not  identical  with  it.     (Guerin-Varry.) 

According  to  Payen,  when  powdered  starch  is  boiled  with  water, 
one  part  of  its  constituents  is  disaggregated  and  made  more  soluble 
than  another ;  the  less  coherent  parts  dissolve  first,  then  the  more 
sohd ;  when  the  maximum  of  solubility  is  reached,  the  formation  of 
dextrin  sets  in.     (Payen.J 

The  starch  of  the  Trehala  remains  unaltered  by  half  an  hour's 
boiling  with  water  ;  after  not  less  than  two  and  a-half  hours'  boiling  it 
is  converted  into  an  irregularly  formed  mass.  (Guibourt,  Compt.  rend. 
46,  1213.) 

A  solution  of  starch  in  500  parts  water,  prepared  by  boiling  for  36 
hours,  remains  unaltered  on  standing.  (Jacquelain.)  If  it  be  boiled  for 
(one  hour  with  80  parts  water,  the  neutral  solution  obtained  yields  a 
deposit  on  standing  in  the  air,  becomes  again  turbid  after  5  days,  milky 
after  7  days ;  di\dded  envelopes  (of  the  starch-granules)  may  be  seen 
in  it  after  14  days  ;  after  8  months  it  becomes  sour,  smells  like  decay- 
ing cheese,  and  leaves  on  evaporation  a  residue  soluble  in  water. 
t(Guerin-Varry.)  If  starch  is  boiled  with  water  for  four  days  and  the 
filtrate  evaporated,  soluble  bitter  gum  remains  behind,  (Vogel,  Ann. 
Chim.  82.)  —  Starch  heated  to  140°  with  -^^  its  weight  of  water,  be- 
comes coloured  and  soluble  in  water  (Jacquelain) ;  heated  for  half  an 
hour  to  140°  with  7  parts  water,  it  forms  a  mucilaginous  solution. 
(Payen,  Comp.  also  Jacquelain,  Ann.  Chim.  Phys.  73,  167.) 

When  it  is  heated  with  water  in  a  Papin's  digester  to  nearly  200°, 
the  solution  contains  only  a  little  grape-sugar,  but  much  brown  bitter- 
sweet saccharic  acid.     (Gmelin.) 

6.  Starch  distilled  with  sulphur  gives  off  hydrosulphuric  acid  and 
combustible  gases,  and  a  metacetone-like  liquid,  but  no  definite  sul- 
phur-compound distils  over.  (Hlasiwetz,  Wien.  AJcad.  Ber.  5,  184.) 
Monosulphide  of  potassium  and  sulphide  of  calcium  act  in  the  same  way, 
(Hlasiwetz.) 

7.  Chlorine  gas,  either  dry  or  moist,  does  not  act  on  starch  either  at 
the  ordinary  temperature  or  at  100°  ;  when  it  is  exposed  under  water  to 
the  action  of  chlorine  for  8  hours,  only  -^-^  is  decomposed  with  evolution 
of  carbonic  acid.  (Liebig,  Pogg.  15,  570.)  Gum  behaves  in  the  same 
way.      (Liebig.)  —  Starch  deliquesces,'  by  absorbing  chlorine  gas,  to  a  brown  sub- 
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stance  containing  hydrochloric  acid,  and  evolves  carbonic  acid.  (Bouillon-Lagrange  &  i 
Vogel.)  — By  distillation  with  hydrochloric  acid  and  x>eroxide  of  manganese  \ 
it  yields  chloral  (ix.  202)  also  carbonic  and  formic  acids,  in  quan-i  i 
titles  depending  on  the  proportions  of  the  materials,  together  witl;  ; 
pentachlorinatcd  propionic  aldehyde  (ix.  400),  yellow  oil  and  resinouF  ■ 
matter.  (Stadeler,  Ann.  Fharm.  61,  101;  Ilandw.  d.  Chem.  Supp! 
1853,  796.)  Starch  is  but  slowly  decomposed  by  hypochlorites.  (Liebig/  j 
Yields  formiate  of  lime  when  heated  with  1  part  chloride  of  lime  auc 
3  parts  water;  but  is  entirely  decomposed  into  carbonic  acid  and  wateijl 
if  the  chloride  of  lime  does  not  contain  any  hydrate  of  lime.  (Bastick.'i 
N.  J.  Pharm.  14.  20)  Woody -fibre  behaves  in  the  same  way.    (Bastick.;  j 

8.  In  the  action  of  nitnc  acid  upon  starch,  we  have  to  distinguisli  i 
between  three  different  processes:  a.  Formation  of  Xylo'idin ;  —  b.  Fo/'-  \ 
mation  of  Soluble  Starch  and  Dextrin  ;  —  c.  Formation  of  Oxalic  Acid. 

a.  Cold  concentrated  nitric  acid  (sp.  gr.  1*52)  dissolves  starch  with- 
out evolution  of  gas ;  water  added  to  the  solution  precipitates  xyloidiii 
as  a  white  powder.  (Braconnot,  Pelouze.)  If  water  is  added  imme- 
diately, nothing  remains  dissolved;  but  if  the  solution  is  allowed  to: 
stand,  it  gives  with  water  less  and  less  xyloidin,  and  at  last  none,'. 
while  a  substance  resembling  saccharic  acid  remains  in  solution.  (Pe- 
louze, Compt.  rend.  7,  713.) 

h.  If  starch  is  mixed  with  its  own  weight  of  concentrated  nitric 
acid  and  twice  its  weight  of  ordinary  nitric  acid  (N0',4II0)  and  allowed 
to  stand  for  24  or  30  hours  at  the  mean  temperature,  or  if  it  is  mixed 
with  enough  common  nitric  acid  to  form  a  thick  mud,  and  heated  in  the 
water-bath  until  red  fumes  are  evolved,  disorganised,  insoluble  starch  is 
at  first  produced,  then  starch  soluble  in  hot  water,  and  lastly  starch 
soluble  in  cold  water.  (Bechamp.)  —  Starch  that  has  been  moistened 
with  -j-'o  p.  c.  nitric  acid  and  water,  and  then  allowed  to  dry  spon- 
taneously, yields  dextrin  when  heated.  (Payen.)  A  mixture  of  starch 
with  2  p.  c.  nitric  acid  and  4  p.  c.  water,  dried  at  first  in  the  air,  after- 
wards in  a  water-bath,  gives  with  5  parts  of  warm  water  a  solution 
which  solidifies  to  a  jelly  Hke  lichenin  on  cooling,  and  yields  sugar  when 
boiled  with  acid.     (Mitscherlich,  Pogg.  55,  121.) 

c.  Hot  nitric  acid,  either  concentrated  or  dilute,  employed  in  excess 
evolves  nitrous  gas  and  forms  oxalic  acid.  (Scheele,  Yauquelin)  ;  to- 
gether with  mahc  and  acetic  acids.  (Scheele.)  8  parts  of  nitric  acid  of 
sp.gr.  1*34  produce  36*81  p.  c.  of  crystaUised  oxalic  acid.  (Guerin- 
Varry.)  —  Hyponitric  acid  acting  on  starch  neither  evolves  gas  nor  pro- 
duces oxalic  acid.     (Bouijs-Ballot,  J.pr.  Chem.  31,  211). 

9.  Oil  of  vitriol  or  dilute  sulphuric  acid  converts  starch  into  soluble 
starch,  sulphamidonic  acid,  dextrin,  and  sugar.  Heated  oil  of  vitriol 
chars  and  destroys  it,  evolving  sulphurous  acid. 

a.  If  starch  is  mixed  with  oil  of  vitriol  so  as  to  avoid  heating-, 
iodine  no  longer  indicates  its  presence  in  the  mixture  (which  is  at  first 
yellow,  then  reddish-yellow)  when  it  has  stood  for  half  an  hour  or  two 
hours.  Sulphamidonic  acid  is  produced,  of  varying  composition  ac- 
cording to  the  quantity  of  oil  of  vitriol  and  the  duration  of  the  action. 
(Fehling.)  Soluble  starch  is  formed  by  half  an  hour's  action  of  oil  of 
vitriol  on  starch.     (Bechamp.) 

Concerning  sulphamidonic  acid,  see  below.  SaUSSUre,  by  warming  1  part 
of  starch  with  3  parts  oil  of  vitriol  previously  diluted  with  36  parts 
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^\  atcr,  and  precipitatiug  the  solution  with  alcoliol,  obtained  crystals 
•  ;  mixed  with  starch,  which,  after  washing  with  spirit,  were  dissolved  in 
j  a  small  quantity  of  water,  reproduced  by  spontaneous  evaporation,  and 
■  freed  ^froni  adhering  sulphuiic  acid  by  means  of  alcohol.  Tliese  cry- 
stals, Saussm-e's  sulphate  of  starch,  dissolve  in  water  with  separation 
of  a  little  starch,  which  is  coloured  red  by  iodine.  Fritzsche  did  not 
succeed  in  obtaining  them. 

h.  Starch  warmed  with  dilute  sulphuric  acid,  loses  its  organized 
structure  without  dissolving;  it  is  next  gradually  changed  into  soluble 
istarch,  and  then  still  further  into  dextrin.  This  last  is  finally  partly 
converted  into  sugar.  (Bechamp.)  The  unfermentable  substance 
itself  seems  to  be  composed  of  two  bodies  having  a  slight  rotatory 
power.     (Bechamp.) 

The  formation  of  sugar  in  this  way  was  discovered  by  Kirchhoff. 
Sugar  and  dextrin  are  direct  products  of  the  metamorphosis  of  starch, 
and  are  simultaneously  formed ;  for  the  formation  of  sugar  proceeds 
quickly,  as  long  as  unaltered  starch  is  present ;  slowly,  when  the  acid 
solution  is  no  longer  coloured  blue  by  iodine.  1  At.  sugar  is  produced 
for  every  2  At.  dextrin.  (Musculus,  N.  J.  Pharm.  37,  419  ;  Chem. 
Cent?'.  18G0,  602.— Compt.  rend.  54,  194;  Zeitschr.  Ch.Fharm..5,  169.) 

The  formation  of  sugar  takes  place  without  alteration  in  the  form 
of  the  starch-granules,  of  which  only  the  actual  starchy  matter  is 
decomposed.  (Melsens,  Inst.  1857,  1861.)  It  takes  place  also  when 
the  air  is  excluded  and  without  evolution  of  gas  (Vogel)  ;  when  air 
is  excluded,  but  with  the  evolution  of  a  small  quantity  of  carbonic 
acid  (Dobereiner,  Schw.  5,  281).  The  quantity  of  sulphuric  acid 
remains  unaltered  by  it,  but  the  starch  takes  up  water.     (Saussure.) 

The  formation  of  sugar  is  complete  if  100  pts.  starch  are  boiled : 
(1)  for  some  days  with  -J  pt.  oil  of  vitriol,  and  300  pts.  water ;  (2)  for 
36-40  hours  with  1  pt.  oil  of  vitriol  and  400  pts.  water ;  (3)  for  20 
hours  with  2^  pts.  oil  of  vitriol  and  400  pts.  water ;  (4)  for  7-8  hours 
with  10  pts.  oil  of  vitriol  and  600  pts.  water.  (Kirchhoff.)  —  Water 
ontaining  ^  p.  c.  oil  of  vitriol  does  not  produce  any  sugar  from  starch 
it  a  temperature  of  from  38°  to  50°  even  after  three  weeks.  (Daniell 
Ann.  Chim.  Phys.  10,  219.)  100  pts.  starch  afford  120  pts.  syrup 
)r  90  pts.  sugar  (Kirchhoff);  110*14  pts.  sugar  dried  at  100°  (Saussure); 
)l-52  to  115*7  pts.  sugar  (Guerin- Varry) ;  104*01  pts.  (Brunner, 
Fogg.  34,  319.) 

Starch  granules  treated  with  cold  dilute  sulphuric  acid  show  no 
ilteration  under  the  microscope ;  with  stronger  acid,  they  swell  up ; 
itill  stronger  acid  causes  a  jelly  to  separate,  at  first  at  only  one  point, 
)ut  afterwards  the  whole  changes  to  a  jelly  in  which  the  envelopes 
)an  no  longer  be  seen ;  still  stronger  acid  forms  a  clear  solution. 
Guibourt.) 

The  action  of  \  pt.  oil  of  vitriol  and  2*8  pts.  water  upon  starch  at 
)0°  causes  only  a  few  of  the  granules  to  break  up ;  at  75°  they  are  for 
he  most  part  converted  into  a  jelly  which  solidifies  on  coohng,  and 
ontains  envelopes,  some  of  which  are  partl}^,  others  entirely,  opened, — 
ilso  entire  granules  diffused  through  a  white,  powdery  mass.  At  90° 
;he  jelly  no  longer  soHdifies  on  cooling ;  almost  all  the  granules  are 
Durst  ;  and  the  hquid  filtered  at  92°  or  100°  leaves  the  torn  envelopes 
)n  the  filter,  cemented  together  by  dextrin  :  cold  water  extracts 
lothing  from  them  ;  hot  water  gradually  dissolves  out  the  dextrin. 
Biot  k  Persoz.)     To  make  all  the  granules  burst,  water  containing 
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30  p.  c.  sulphuric  acid  must  be  used.  (Payen.)  —  Starch  warmed  with 
^  pt.  oil  of  vitriol  and  10  pts.  water  forms  a  paste  at  70° ;  becomes 
quite  fluid  again  at  90°,  but,  if  quickly  cooled,  solidifies  to  a  jelly,  which, 
after  washing  with  alcohol  and  drying,  is  insoluble  in  water  and  does 
not  form  paste,  but  by  continued  heating  finally  becomes  quite  fluid, 
with  the  exception  of  -^q,  and  forms  a  horny  mass  when  dry. 

When  starch  is  heated  to  100°  with  dilute  sulphuric  acid,  the  liquid 
still  gives  at  first  a  blue  colour  with  iodine  :  after  half  an  hour  iodine ' 
colours  it  violet ;  after  45  minutes,  violet  red  ;  after  75  minutes,  dark; 
red;  after  105  minutes,  reddish  brown;  after  135 — 435  minutes  pale 
yellowish  brown.  With  alcohol,  it  gives  at  first  a  large  precipitate,  and,  ■ 
as  the  heating  is  continued,  a  smaller  and  smaller  one,  so  that  after  75 ! 
minutes,  only  a  turbidity  is  produced,  and  after  135  minutes,  no  visible! 
precipitate.  The  first  precipitate  is  quite  insoluble  in  water;  those 
produced  afterwards  are  more  and  more  soluble  (soluble  starch)  in 
proportion  to  the  length  of  time  the  liquid  has  been  heated.  The 
rotatory  power  of  the  liquid  also  diminishes  as  the  heat  is  continued 
after  10  minutes  [a]  =  216°  to  the  right ;  after  15  minutes,  210*8° : 
after  20  minutes,  204*3°  ;  after  30  minutes,  196*9°  ;  after  45  minutes, 
179*8°  ;  after  75  minutes,  167*6°  ;  after  105  minutes,  143*6°  ;  aftei 
135  minutes,  131*8°;  after  165  minutes,  96*3°  ;  after  195  minutes, 
96*1°;  after  255  minutes,  76*5°;  after  315  minutes,  73*7°;  after  435 
minutes,  73*7°  to  the  right,  and  remains  constant  if  heated  for  a  longei 
time;  it  is  thus  greater  than  the  rotatory  power  of  grape-sugai 
(  [a]  =  66*3°  to  the  right)  since  the  solution  contains,  besides  the  lattei 
substance,  a  second  optically  active  body,  not  further  decomposible  by 
acid.     (Bechamp.) 

If  1  part  of  potato-starch  is  heated  for  an  hour  in  a  water-batl' 
with  2 pts.  alcohol  of  sp.  gr.  0833  and  a  little  oil  of  vitriol,  the  spirit 
then  poured  off,  and  the  starch  which  lies  at  the  bottom  thoroughly j 
washed  out  with  water,  it  does  not  outwardly  appear  to  have  under- 
gone much  alteration,  but  when  triturated  with  cold  water,  it  imparts 
to  the  latter  an  organic  acid,  and  gives  a  perfectly  clear  solution  wher 
boiled  with  water.  The  solution  prepared  with  from  4  to  6  parts  o) 
water,  solidifies  to  a  jelly  on  cooling.  Starch  treated  as  above  consti- 
tutes Maschke's  artificial  hchenin,  or  modified  starch,  which 
msoluble  in  cold,  but  soluble  in  hot  water,  and  is  coloured  blue  bj 
iodine.  —  The  distillate  obtained  by  boihng  potato-starch  with  dilute 
sulphuric  acid  contains  fat.  (Comp.  Payen,  Compt.  rend.  23,  337;— 
Eousseau,  Fogg.  32,  201.) 

By  distilling  starch  (also  gum  or  woody  fibre)  with  oil  oil 
vitriol  (phosphoric  acid  or  chloride  of  tin),  a  volatile  oil  is  obtained 
and  then  formic  acid  (sulphurous  acid?  Gm.),  the  mass  becoming! 
carbonised.  (Emmet,  Sill.  Ann.  J.  32,  140;  J.  pr.  Chem.  12,  120." 
a.  Nitrosulphuric  acid  converts  starch  into  an  explosive  compounc 
corresponding  to,  or  identical  with,  gun-cotton.  (De  Vrij,  Compt.  rend. 
24,  19  ;  comp.  also  Payen,   Compt.  rend.  24,  87.) 

10.  Phosplioric  acid  does  not  chane-e  starch  into  suffar 
(Kirchhoff.) 

11.  Dilute  aqueous  hydrocliloric  acid  converts  starch  into  sugar 
(Kirchhoff.)— Potato- starch, — and  also  rice-starch  (Scharhng)— whei 
boiled  with  water  containing  hydrochloric  acid,  evolves,  even  aftei 
several  days,  when  again  heated,  a  smell  of  formic  acid.     Arrow-roo^ 
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does  not  emit  this  odour  under  the  same  circumstances  (Schmidt,  N.  Br, 
Arch.  19,  195),  so  that  an  admixture  of  15  p.  c.  potato-starch  in  arrow- 
root-starch may  be  thus  detected.  (Oswald,  N.  Br,  Arch.  40,  166.)  — 
Potato-starch  gives  with  1-5  or  2  pts.  concentrated  hydrochloric  acid,  a 
tough,  almost  transparent  mucilage,  which  smells  of  formic  acid; 
rice-starch  gives  a  similar  product,  but  turbid ;  with  dilute  hydrochloric 
acid,  potato-starch  gives  in  2  or  3  minutes, — rice-starch  in  25  or  30 
minutes, — and  rice -starch  containing  25  to  30  p.  c.  potato-starch,  with 
hydrochloric  acid  of  13*5 "*  B.,  in  40  or  50  seconds — a  tough  mucilage. 
(Scharling,  Ann.  Pharm.  42,  272.) 

12.  Oxalic  acid  converts  starch  into  sugar.  (Kirchhoff,  Converchel.) 
—  The  conversion  of  1  pt.  starch  into  sugar  requires  0*005  pts.  oxalic 
acid,  1  to  12  pts.  water,  and  that  the  mixture  be  heated  to  130°  for 
2  hours.  Starch  heated  to  130°  with  0*005  pt.  oxalic  acid  and  5  pts. 
water  is  converted  in  20  minutes  into  granules  defecule;  after  an  horn- 
it  is  changed  into  dextrin,  with  which  iodine  gives  a  purple-red  colour, 
and  after  two  hours  into  dextrin  which  is  no  longer  coloured  by 
iodine.  (Jacquelain.) — 13.  Starch  heated  for  an  hour  to  125°  with 
i  pt.  tartaric  acid  (or  mahc  acid)  and  5  pts.  water  is  changed  into  gum 
(dextrin?).     (Couverchel,  J.  Pharm.  7,  267.) 

14.  Glacial  acetic  acid  leaves  starch  unaltered  (Fritzche,  Payen, 
N.  Ann.  Sc.  nat.  Bot.  10,  161),  even  on  boihng  (Persoz,  Compt.  rend. 
17,  1067);  by  several  hours  heating  to  100°,  the  same  acid  renders  it 
partially  soluble  in  cold,  and  partially  soluble  in  hot,  water  (Bechamp) ; 
in  50  or  60  hours  at  180°,  it  forms,  with  ehmination  of  water,  a 
small  quantity  of  a  compound  similar  to,  or  identical  with,  aceto- 
glucose.  (Berthelot,  N.  Ann.  Chim.  Phys.  60,  100.)  —  The  solution 
obtained  by  heating  starch  with  moderately  concentrated  acetic  acid 
to  100°  for  3  hours,  contains,  even  after  being  heated  for  28  hours, 
nothing  but  soluble  starch,  and  has  lost  but  little  of  its  rotatory 
power.  A  solution  in  acetic  acid  containing  4  at.  water  loses,  by 
being  heated  to  130°  for  12  to  28  hours,  52°  [a]  of  its  rotatory  power 
— also  the  property  of  giving  a  blue  colour  with  iodine,  and  a  precipi- 
tate with  alcohol;  it  also  leaves  on  evaporation  an  unfermentable 
residue.  (Bechamp.)  —  Aqueous  acetic  acid  produces  with  starch, 
first  dextrin,  afterwards  sugar  (Persoz),  no  sugar  (Kirchhoff ;  Biot, 
Compt.  rend.  17,  1067),  and,  after  boiling,  the  starch-granules  appear 
under  the  microscope  to  be  covered  with  smooth  needles  (loosened 
and  separated  layers  of  the  granule).  (Fritzsche.)  —  In  general,  warm 
dilute  mineral  acids  and  organic  acids  remove  from  the  starch-granules 
their  starch  properly  so  called,  which  turns  blue  with  iodine,  without 
however  altering  their  form  or  structm'e.  Granules  which  have  been 
thus  treated  are  merely  coloured  yellowish  or  reddish  by  iodine- 
water  ;  but  if  moistened  with  iodine-water,  and  afterwards  carefully 
with  oil  of  vitriol,  they  are  coloured  blue,  and  in  the  latter  case  retain 
their  form.     (Melsens,  Inst,  1857,  160.) 

■  15.  Starch  slowly  absorbs  gaseous  fluoride  ofhoron  at  the  ordinary 
temperature,  and  liquifies  without  becoming  coloured. 

16.  Starch  heated  in  a  sealed  tube  with  strong  aqueous  ammonia 
to  150°  for  several  days,  yields  a  sohd,  brown,  gummy,  deliquescent 
mass,  having  a  bitter  taste,  easily  decolorised  by  animal  charcoal,  and 
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jH-ecipitablo  from  its  solutions  by  tannin.  It  smells  like  roast  meat, 
does  not  evolve  ammonia  by  contact  with  solution  of  potash  or 
hydrate  of  lime,  but  when  fused  with  solid  potash,  yields  as  much  as 
corresponds  to  2^  to  3  p.  c.  nitrogen.  (Schutzenberger,  Zeitschr.  Ch. 
Pharm.  4,  65  ;  comp.  also  P.  Thenard,  Co^npt.  rend.  52,  444 ;  Bep.  Chim, 
pure,  3,  207.) 

17.  Starch  heated  to  a  temperature  much  below  redness  with  4  or 
5  times  its  weight  of  potash-hydrate  and  a  little  water  swells  up,  and 
forms  oxalate  of  potash,  with  evolution  of  hydrogen  (Gay-Lussac; 
comp.  ix.  112),  at  the  same  time  yielding  carbonate,  formiate,  acetate,  and 
propionate  of  potash,  and  in  general  the  same  products  as  cane-sugar 
yields  imder  similar  circumstances.  (Gottlieb,  Ann.  Pharm.  52,  121.) 
—  When  starch  is  boiled  for  several  hours  with  strong  potash-ley,  it 
gives  at  first  a  thick  and  afterwards  a  fluid  paste,  from  which  alcohol 
precipitates  disorganised  starch.  This  cannot  be  freed  from  alkali  by 
washing  with  spirit,  but  may  be  obtained  free  from  alkali  by  neutral- 
ising the  alkaline  solution  with  acetic  acid  before  precipitating  with 
alcohol.  It  is  but  slightly  or  not  at  all  soluble  in  boihng  water, 
becomes  therewith  translucent  without  forming  a  paste,  and  turns 
blue  with  tincture  of  iodine.  Rotator}^  power  [a]  =  211°  to  the  right. 
(Bechamp.)  —  Starch  digested  for  12  hours  at  50°  or  60°  with  5  p.  c. 
potash-ley  yields  dextrin.     (Payen.) 

Starch  gives  with  potash-ley  an  opalescent  solution,  which  does 
not  gelatinise  (Schmidt,  Ann.  Pharm.  51,  31),  and  has  no  rotatory 
power  (Ventzke,  /.  ;)r.  Chem.  25,  65).  Potato-starch  gives  in  ^  a 
minute  with  \  pt.  potash-hydrate  and  12*75  pts.  water,  a  very  thick 
turbidly  translucent, —  wheat-starch,  in  half  an  hour,  a  milky, — 
opaque  jelly ; — arrow-root,  a  permanently  fluid  mixture  ; — the  starch  of 
the  biyonia,  immediately,  a  very  thin,  pale  yellow,  clear  jelly ; — kidney- 
bean-meal,  a  greenish  yellow,  opaque,  thin, — manjok-meal,  a  thick, 
sHghtly  translucent,  mucilage,  with  which  are  mingled  swoUen-up 
granules.  (Mayet,  N.  J.  Pharm.  11,  81  ;  J.  pr.  Chem.  40,  435.)  lu 
contact  with  a  solution  of  0*018  to  0*020  pt.  potash-hydrate  in  10  to 
15  pts.  water,  wheat-starch  remains  unaltered;  arrow-root  forms  a  very- 
turbid,  and  bean-starch  a  translucent,  solid  jelly.  (Payen,  Compt.  rend. 
48,  775.) — Starch-granules,  which  are  insoluble  in  very  dilute 
potash-ley,  swell  up  in  somewhat  stronger  ley  (2  p.  c,  Bechamp),  and 
at  last  dissolve  without  previously  bursting.  (Guibourt.)  When 
alcohohc  potash  at  100°  is  poured  over  them,  an  air-bubble  becomes 
apparent  inside  them,  and  does  not  disappear  if  the  granules  lie  in  the 
liquid  for  weeks ;  but  when  water  is  added,  they  absorb  it  and  swell 
up  greatly,  so  that,  without  the  bubble  of  air  having  escaped,  the 
space  it  occupied  becomes  invisible.  (Fritzsche.)  —  Since  the  envelopes 
contain  nitrogen,  starch-granules  evolve  ammonia  when  fused  with 
potash-hydrate.     (Jacquelain.) 

18.  Starch  deflagrates  when  fused  with  saltpeti^e  and  potash-hydrate^ 
forming  a  small  quantity  of  alkaUne  cyanide.  (Koussin,  Compt.  rend, 
47,  875.)  —  It  is  not  altered  by  p)ermanganate  of  potash.  (E.  Monier, 
Compt.  rend.  46,  425 ;  J.  pr.  Chem.  73,  479.) 

19.  Soda-hydrate  decomposes  starch  in  the  same  way  as  potash- 
hydrate.  (Bechamp.)  Starch-granules  swell  up  in  dilute  soda-solution 
(containing  2  p.  c.  of  soda-ley  of  35°  B)  to  100  times  their  original  bulk 
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without  bursting  ;  less  concentrated  soda-solution,  than  is  required  for 
old  starch,  suffices  to  make  fresh  starch  granules,  or  such  as  have 
been  dried  over  sulphuric  acid  in  vacuo,  at  120°,  swell  up.  The 
presence  of  ammonia-salts  prevents  the  swelling-  up.  (Payen.) 

Starch  yields  less  oxalic  acid  when  heated  with  soda-hydrate,  than 
it  does  with  potash-hydrate.  (Possoz.)  In  like  manner,  a  mixture  of 
1  pt.  soda  with  -J,  ^,  or  a  smaller  quantity  of  potash,  produces  less 
oxaMc  acid  than  potash  alone  ;  but  1  pt.  soda  mixed  with  2  or  3  pts. 
potash,  produces  more  than  is  produced  by  potash  alone.  (Possoz.) 

20.  When  an  intimate  mixture  of  starch  with  8  pts.  quicklime  is 
cautiously  distilled,  it  froths  up  greatly,  and  yields  an  oily  distillate 
containing  metacetone,  and  in  smaller  quantity,  acetone  (Fremy,  Ann. 
Chim.  Phys.  59,  6 ;  Ann.  Pharm.  15,  278). 

21.  Chloride  of  zinc  converts  starch  into  disorganised  starch;  by 
ebullition,  into  soluble  starch,  not  into  dextrin.  (Bechamp.) — With 
10  pts.  of  an  aqueous  solution  containing  25  p.  c.  of  fused  chloride  of 
zinc,  starch  gives  immediately  a  thick  paste,  which  does  not  liquefy  on 
heating,  but  becomes  fluid  if  heated  for  12  or  18  hours  in  a  water- 
bath,  and  from  which  alcohol  precipitates  disorganised  starch;  if, 
however,  it  has  been  boiled  over  the  naked  flame  for  2  or  3  hours, 
alcohol  j^recipitates  dextrin  from  it.  (Bechamp.^ 

22.  When  triturated  in  the  cold,  or  when  heated  with  aqueous 
bichloride  of  tin,  it  forms  a  compound  intermediate  betw^een  sugar  and 
dextrin,  or  between  gum  and  sugar,  the  composition  of  which  is 
represented  by  the  fonnula  C^^H^O^^  (v.  Payr,  Wien.  Alcad.  Per.  21, 
269  ;  /.  i?r.  Chem.  69,  425.) 

Starch  triturated  with  aqueous  bichloride  of  tin,  and  filtered  from 
the  slight  residue  which  remains,  gives,  on  addition  of  absolute  alcohol, 
a  wliite  precipitate,  which,  after  being  washed  with  absolute  alcohol  and 
dried  over  oil  of  vitriol,  contains,  according  to  v.  Payr,  C^°H**O^S  8SnO^ 
— If  the  mixture  is  heated  to  100°,  alcohol  causes  a  precipitate  whose 
composition,  when  dried  at  100°,  is  represented  by  C^H-^C^^,  7SnO^ — • 
The  first  precipitate,  suspended  in  water  and  decomposed  by  hydrosul- 
phuric  acid,  yields  bisulphide  of  tin,  and  a  transparent,  colourless  liquid, 
which  leaves,  when  evaporated  in  vacuo,  a  white  pulverisable  mass. 
This  product  is  easily  soluble  in  water,  is  not  altered  by  iodine,  and  is 
changed  into  sugar  when  boiled  with  dilute  mineral  acids,  (v.  Payr.^ 


24  C 

White  substance. 
41-02     .. . 

V.  Payr. 

40-90 

23  H  .... 

6-55     

6-67 

23  0  

r>2-4S     

..52-43 

a^HPo^^ 100-00   100-00 

Tin-salt.  v.  Payr.  Tin-salt.  v.  Payr. 


a. 
60  C 

23-43 

..     23-30 
..       4-14 
..     33-98 
..     38-58 

b. 
24  C 

15-64     .. 

..     15-50 

64  H 

4-18     .. 

28  H 

3-04     .. 

..       3-18 

64  O 

33-33 

28  0    

24-34     .. 

..     24-24 

8Sn02    

39-06     .. 

7Sn02    

56-98     .. 

..     57-08 

(^coiif,ioM8SnQ2         100-00     ....  lOO'OO      C^*H.^O^,78nO'^ ....  100-00     ....  10000 
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23.  Starch  heated  for  a  long  time  with  aqueous  osmic  acid,  yields 
carbonic  acid,  oxalic  acid,  and  a  pecuHar  acid  whose  ammonia- salt  is 
soluble  in  alcohol.     (Buttlerow,  J.  ^^r.  Chem.  56,  271.) 

24.  Aqueous  soluble  Prussian  blue  is  decolorised  by  starch  (Vin- 
cent); by  potato-starch  only,  not  by  wheat-starch  (Wach,  Schiu. 
51,  444),  because  the  latter  contains  glutin.  (Bottger,  J,  pr.  Chem, 
10,  110). 

25.  Starch  heated  with  Cinchona-alkaloids  evolves  red  vapours,  which 
condense  to  a  red  hquid.  (Batka,  Chem.  Centr.  1859,  865.) 

26.  In  contact  with  diastase,  at  65°  — 80°,  starch  is  converted  into 
dextrin  and  grape-sugar,  starch-granule  envelopes  which  are  no  longer 
coloured  blue  by  iodine  remaining  behind.  (Payen  &  Persoz.)  Accord- 
ing to  Payen,  dextrin  is  formed  first,  and  is  subseqaently  changed  into 
sugar;  according  to  Balhng,  dextrin,  dextrin- gum,  and  dextrin-sugar 
are  formed  one  after  another  (Gahrungs-chemie,  Prag,  1845.  2,  15.) 
Starch  splits  up,  according  to  Musculus  (iV.  J.  Pharm.  37,  419  ;  Chem. 
Centr.  1860,  m2,—Compt.  rend.  54,  194;  Zeitschr.  Ch.  Pharm.  5,  169) 
into  2  at.  dextrin  and  1  at.  sugar,  the  first  formation  of  the  latter  not 
being  due  to  further  alteration  of  the  dextrin. 

The  transformation  of  starch  into  dextrin  and  sugar  by  means  of 
diastase  takes  place  without  any  change  of  volume,  also  in  vacuo,  also 
at  the  common  temperature  ;  by  using  starch-paste  also  at  0°  (Guerin- 
Varry) ;  without  previous  formation  of  gum  (Trommer,  Ann.  Pharm., 
39,  360) ;  without  evolution  or  absorption  of  gas.  (Payen.)  It  is 
hastened  by  increasing  the  quantity  of  water  (Dubrunf  aut) ;  by  previous 
gelatinisation  of  the  starch  (Payen);  and  is  complete  in  3  hours  at  70°  — 
80°  with  1  pt.  starch,  10  pts.  water,  and  0*005  pt.  diastase.  (Payen.) 
It  is  arrested  by  heating  to  ebulhtion  (Payen) ;  not  interfered  with  by 
the  presence,  for  every  100  pts.  starch,  of  1  pt.  green  vitrei,  glacial 
acetic  acid,  formic  acid,  prussic  acid,  creosote,  ether,  sulphate  of  quinine, 
sulphate  of  morphine,  oil  of  turpentine,  of  lemons,  of  anise,  of  cloves, 
or  of  mustard  ;  it  is  slightly  hindered  by  bicarbonate  of  soda,  iodide  of 
potassium,  calomel,  cyanide  of  mercury,  sulphate  of  soda,  sulphate  of 
magnesia,  acetate  of  lead,  arsenious  acid,  arsenite  of  soda,  and  alum  ;  it 
is  much  hindered  by  quicklime  and  magnesia;  it  is  entirely  prevented  by 
tannin  (Payen),  bromine,  soda,  sulphuric  acid,  nitric  acid,  hydrochloric 
acid,  oxahc  acid,  phosphoric  acid,  nitrate  of  silver,  corrosive  sublimate, 
and  sulphate  of  copper.  (Bouchardat,  Compt.  rend.  20,  107  ;  abstr. 
N.  Ann.  Chim.  Phys.  14,  61) ;  it  is  not  interfered  with  by  small 
quantities  of  the  alkaline  carbonates,  of  acids,  or  of  various  neutral  salts. 
(Payen  &  Persoz.)  —  Diastase  can  i-ender  hquid  60  times  more  starch 
than  can  oil  of  vitriol  (Payen  &  Persoz)  ;  it  can  render  hquid  2,000 
times  its  own  weight  of  starch,  and  in  2  hours  can  hquefy  starch- 
paste  mixed  with  chloride  of  sodium,  even  at  —  5°  or  —  9°,  without 
however  converting  it  into  sugar.     (Guerin-Varry.) 

The  transformation  of  starch  into  sugar  by  malt  (Kirchhoff),  and 
also  during  the  germination  of  grain  (Saussure),  is  likewise  due  to 
diastase,  the  quantity  of  which  becomes  greater  and  greater  as  the 
germination  of  the  gi-ain  proceeds,  whereas  dextrin  and  sugar  are 
consumed.     (Payen.)  —  The  formation  of  sugar  in  the  germination  of 
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wheat,  caused,  according  to  Saussure,  by  a  mucilaginous  substance 
contained  in  it,  takes  place  more  slowly  when  air  is  excluded,  and  not 
at  all  in  vacuo,  in  which  case  acetic,  formic,  lactic  and  carbonic  acids  and 
alcohol  are  produced.  Concerning  the  action  of  diastase  upon  starch,  see  Traube 
(^Pogy,  103,  331  ;  N.  Br.  Arch.  96,  55). 

Under  the  microscope,  it  can  be  seen  that  the  envelopes  of  the 
starch-granules  are  not  opened  by  the  action  of  aqueous  diastase  upon 
starch,  and  hence  that  diastase  acts  by  endosmose  and  causes  the  f  orma-^ 
tion  of  sugar  in  the  interior  of  the  granules  even  at  common  tem- 
peratures ;  at  75°  the  envelopes  are  torn  open,  and  the  action  of  the 
diastase  is  more  energetic.  (Dutrochet,  Ann.  Sc.  Nat.  30,  354.)  No 
change  in  the  form  of  the  starch-granules  takes  place,  it  being  only 
the  starchy  matter  strictly  so-called  that  is  decomposed.  (Melsens, 
Inst.  1857,  161.) 

If  the  diastase-solution  is  heated  to  at  least  54°,  the  granules  burst 
without  tearing,  and  the  diastase  then  acts,  not  through  the  envelopes 
of  the  granules,  but  directly  upon  their  contents  ;  it  can  produce  sugar 
only  from  starch-paste,  not  from  entire  starch-granules,  and  cannot, 
therefore,  cause  the  formation  of  sugar  from  starch  in  germination. 
(Guerin-Varry.) 

The  quantity  of  sugar  produced  from  starch  by  means  of  diastase 
depends  on  the  quantity  of  diastase,  the  duration  of  its  action,  the 
quantity  of  water,  and  the  temperature.  — 100  pts.  starch  boiled  to  a 
paste  with  1000  pts.  water,  and  warmed  to  70°  —  75°  for  fifteen  hours 
with  1'7  pt.  diastase,  gave  17*58  pts.  sugar ;  100  pts.  starch,  heated 
for  an  hour  to  60°  —  65°,  with  3900  pts.  water  and  6*13  pts.  diastase 
in  40  pts.  water,  gave  86*91  pts.  sugar;  100  pts.  starch  boiled  to 
a  paste  with  1393  pts.  water,  mixed  with  12*25  pts.  diastase  in  367 
pts.  water,  and  kept  at  20°  for  24  hours,  gave  77*64  pts.  sugar;  the 
same  mixture  in  1  hour  at  0°  yielded  11*82  pts.  sugar  (Guerin-Varry). 
100  pts.  starch  with  25  pts.  barley-malt  and  4500  pts.  water,  yield 
90  pts.  sugar ;  the  use  of  more  malt  does  not  increase  the  quantity  of 
sugar.     (Dubrunfaut.^ 

The  examination  of  the  products  of  the  action  of  diastase  upon 
starch  at  70°  —  75°,  as  soon  as  iodine  no  longer  indicates  the  presence 
of  starch,  or  when  the  diastase  has  acted  still  longer,  always  shows 
that  sugar  and  dextrin  are  present  in  the  proportion  of  1  at.  to  2  at. 
(Musculus.)  It  appears,  therefore,  that  the  transformation  of  starch 
by  diastase  does  not  consist  in  the  formation  first  of  an  isomeric  sub- 
stance, dextrin,  and  the  subsequent  conversion  of  this  substance  into 
glucose  by  assumption  of  water,  but  in  the  resolution  of  3  at.  starch 
=  3C12H100W  with  assumption  of  2110,  into  2  at.  dextrin  =  2C^2H^oOio 
and  1  at.  glucose  C^'^H^O^'^.  (Musculus,  Compt.  rend.  54,  194 ;  Zeitschr, 
Ch.  Pharm.  5,  170.)  Erlenmeyer  {loc.  cit.)  regards  this  transformation 
as,  perhaps,  showing  that  starch,  dextrin,  and  glucose  are  represented 
respectively  by  the  formulae  C^^H^^O^  C^^H^^O^^,  and  Cm^'O'^,  and 
consequently  that  starch  and  dextrin  are  not  metameric  but  polymeric 
with  each  other. 

27.  In  contact  with  glutin,  at  a  moderately  high  temperature,  starch 
is  converted  into  gum  (dextrin?)  and  sugar.  (Kirchhoff.)  —  Glutin 
renders  starch-paste  fluid,  and  causes  the  formation  of  sugar.  (Bou- 
chardat,  Compt.  rend.  20,  107  ;  N.  Ann.  Chim.  Phys.  14,  61.) 
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In  the  fermentation  which  takes  place  when  starch  is  left  in 
contact  with  glutin  under  water,  butyric  acid  (x.  76),  carbonic  acid, 
and  hydrogen  are  formed.  (Erdmann  &  Marchand,  J.  pr.  Chem. 
29,  4.QQ.) 

28.  Saliva  transforms  starch  into  dextrin  and  sugar  (Handbuch,^ 
viii.  19).  (Miahle,  Compt.  rend.  20,  1485;  22,  252.  —  Lassaigne, 
J.  Chim.med.  21,  305  &  359;  Coinpt.  rend.  20, 1347.)  — At  40° -50° 
sahva  leaves  starch-granules  apparently  unaltered,  but  extracts  from 
them  the  true  starchy  matter  (granulose),  and  leaves  a  residue  of 
cellulose.  (Nageli.) — Pepsin  deprives  starch-granules  of  the  substance 
which  turns  blue  with  iodine,  but  does  not  change  their  form  or 
structure;  the  granules  which  remain  are  coloured  by  iodine-water 
from  pale  yellow  to  red,  but  are  again  coloured  blue  without  change  of 
form,  when  moistened  with  iodine- water  and  then  cautiously  with  sul- 
phuric acid.     (Melsens,  Inst.  1857,  161.) 

29.  Starch-paste  is  transformed  into  sugar  by  beer-yeast  (Bou- 
chardat);  hj  animal  gelatin  (Kirchhoff,  Matthieu  de  Dombaslc), — by 
fresh,  dry,  powdered,  or  decaying  gelatin  (Bouchardat) ;  —  by  the 
gastric  juice  when  it  contains  saliva,  not  when  pure  {Handbuch,  viii.  21), 
by  i\iQ  pancreatic  juice  {Handbuch,  viii.  82  &  99)  (Lassaigne,  Compt.  rend. 
20,  1350;  J.  Chim.  med.  21,  309);  by  the  substance  of  the  kidneys 
(Marchand,  N.  Br.  Arch.  52,  195  ;  Pharni  Centr.  1847,  491);  hj  animal 
mucous  membrane  (Handbuch,  viii.  82),  nrine,  bile,  semen,  serum  of 
blood,  and  animal  tissue;  by  wateiy  infusions  prepared  at  40°,  from 
the  heart,  brain,  lungs,  liver,  kidneys,  S2:)leen,  and  muscles,  (Magendie, 
Compt.  rend.  23,  189;  abstr.  N,  J,  Fharm.  11,  40.  (Handbuch, 
viii.  21.) 

Combijiations,  a.  With  Water.  —  Commercial  or  air-dried  starch 
retains  water  mechanically  adhering,  but  no  combined  water;  it 
retains  no  water  at  all  when  dried  at  100°.  (Mulder.)  Starch  from 
cereals  contains  13-66  p.  c.  water,  and  potato-starch  16-41  p.  c.  at  22° 
and  88°  of  the  hair-hygrometer  (Saussure) ;  air-dried  wheat-starch 
contains  12-5  p.  c.  water  (Prout),  14-2  -  17*8  p.  c.  (Wolff,  J.  pr.  Chem. 
71,  86)  ;  arrow-root  18-2  p.  c. ;  air-dried  starch  28  p.  c.  (Guerin-Varry), 
21-55  p.c.  (Mulder,  J",  ^r.  Chem.  15,  300). 

Starch  does  not  dissolve  when  shaken  up  with  cold  water,  but 
partially  when  continuously  triturated  with  it.  In  hot  water  it  swells 
up  and  forms  paste.  — The  formation  of  paste  with  hot  water 
depends  on  its  organised  structure,  but  its  insolubiUty  in  cold  water 
does  not.     (Bechamp.) 

Starch  absorbs  water  when  exposed  to  moist  air.  The  absorption 
of  water  occurs  in  stoichiometrical  proportions,  and  takes  place  very 
qmckly  with  starch  that  has  been  previously  dried  at  150°,  so  that  the 
starch-granules  are  in  part  torn  open.     (Payen.) 

f  Quantities  of  water  absorbed,  according  to  Nossian  (J.  pr.  Chem. 
83,  41),  by  100  pts.  of  various  kinds  of  starch,  when  exposed  to  moist 
au-,  after  previous  desiccation  at  100° : 


*  The  word  "  Handbuch  "  refers  to  the  last  German  edition  of  this  work. 
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Variety  of  starch. 

In  air  containing 

73  p.c.  of  its  maximum 

of  moisture. 

In  air  saturated 
with  moisture. 

Wheat-starch          absorbs    . . 
Rye-starch                    „ 
Potato -starch               ,, 
Maize-starch                „ 
Buckwheat-starch       „ 
Rice-starch                   „ 
Acorn- starch                „ 

6-94 
10-01 
10-33 
10-53 
10-85 
10-89 
11-96 

18-92 
19-36 
20-92 
19-55 
20-02 
19-84 
22-98 

The  above  quantities  of  water  correspond  approximately  with  the 
formulge  C^'WO^'',  41T0  and  C^^H^^O^^,  8H0,  which  require  respec- 
tively 10-00  p.  c.  and  18-18  p.  c.  water. 

With  most  varieties  of  starch  the  absorption  of  moisture  is  com- 
plete in  5  days.     (Nossian.)     ^. 

Starch  which  has  been  dried  at  100°  —  120°  becomes  warm  when 
moistened  with  cold  water.  —  When  potato-starch  is  evenly  mixed  up 
with  cold  water,  it  settles  down  to  the  bottom  more  quickly  than 
wheat-starch.  (Wolff,  J.  p?-.  Chon.  71,  86.)  If.  Wheat-starch  stirred 
up  with  water,  and  then  allowed  to  subside,  settles  down  more  com- 
pact than  potato-starch,  and  is  more  difficult  to  mix  up  again.  (Pohl, 
J.  pr.  Chem.  83,  40.)  1.  —  Starch  treated  with  an  excess  of  water 
always  takes  up  the  same  measure  of  it,  insomuch  that  10  grm.  dried 
starch  always  swell  up  to  14-857  cc.  when  covered  with  distilled  water, 
10  grm.  moist  starch  swell  up  to  a  smaller  bulk ;  upon  this  behaviour 
is  founded  the  method  of  testing  the  quantity  of  water  contained  in 
starch  by  means  of  the  Feculometer.  (Bloch,  Compt.  reyid.  39,  969  ; 
Pharm.  Centr.  1855,  29.) 

Triturated  with  a  small  quantity  of  cold  water,  starch  forms  a 
stiff  mud,  which  hardens  on  drying ;  when  starch  is  rubbed  up  for  a 
long  time  with  a  larger  quantity  of  water,  or  when  powdered  starch  is 
thoroughly  washed,  it  dissolves,  all  except  the  envelopes  of  the 
granules.  (Guibourt ;  Berzelius  Jahresher.  10,  201  ;  Guerin-Varry, 
Jacquelain,  Redwood,  Pharm.  J.  'Trans.  4,  505  ;  abstr.  Repert.  89,  84  ; 
Rcinsch,  N.  Jahrh.  Pharm.  3,  65;  Delffs,  Pogg.  109,  648;  N.  Jahrh. 
Pharm.  13,  145  ;  Jessen,  Pogg.  106,  497 ;  abstr.  Rep.  Chim.  pure,  1, 
432,  Siiidi  Pogg.  109,  361.) — ■  Guerin-Varry  rubs  air-dried  starch  in  an 
agate  mortar  for  2  hours  with  8  pts.  water  at  0°,  then  adds  40  pts. 
water,  decants,  filters,  and  washes  the  residue  with  water  as  long  as 
the  filtrate  continues  to  turn  blue  with  iodine.  Jacquelain  triturates 
starch  for  some  hours  with  fine  sand,  adds  water  to  it,  mixes  up  the 
resulting  mucilage  with  a  large  quantity  of  cold  water,  and  filters 
through  a  threefold  filter ;  Delffs  triturates  it  continuously  with  quartz- 
sand  and  enough  water  to  make  an  easily  fluid  mud,  and  filters  after 
leaving  it  to  subside  for  24  hours.  —  The  insoluble  envelopes  of  the 
starch-granules  are  thus  torn  (Guibourt,  Jessen),  and  the  contents  dis- 
solve in  water  without  alteration  (Guibourt  and  others),  aided,  accord- 
ing to  Knop  {Chem,  Centr,  1860,  367),  by  the  heat  resulting  from  the 
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friction.  According  to  Wicke  (Po^^.  108,359)  nothing  is  dissolved, 
and  the  filtrate  merely  holds  starch  in  suspension. 

Guibourt  calls  the  aqueous  starch  which  is  held  in  solution  fe'cule 
soluble,  and  regards  it  as  the  constituent  of  the  inside  of  the  starch- 
granule,  and  as  identical  with  Raspail's  gum,  Saussure's  amidin,  and 
Caventou's  amidon  modifie ;  according  to  Guerin-Yarry,  it  is  amidine 
mixed  with  amidine  soluble,  which  it  causes  to  be  dissolved;  Payen 
names  it  amidon,  and  Delffs  amylogen. 

The  solution  is  clear  and  deposits  nothing ;  no  solid  particles  can 
be  detected  in  it  by  the  microscope ;  it  gives  a  precipitate  with  alcohol 
(Jessen),  and  turns  blue  with  iodine.  A  small  quantity  of  iodine 
causes  only  a  temporary  blue  coloration,  because  the  iodine  becomes 
hydriodic  acid  after  a  time  ;  more  iodine,  however,  colours  it  perma- 
nently blue.  (Jacquelain.)  The  solution  prepared  from  wheat-starch 
colours  tincture  of  iodine  pale  yellow  or  reddish  yellow,  that  prepared 
from  potato-starch  gives  a  dark  blue  colour  under  similar  conditions. 
(Redwood.)  The  solution  from  potato-starch  turns  blue,  while  that 
from  wheat-starch  is  not  coloured  at  all,  because  the  starch-granules 
of  the  latter  are  surrounded  by  gluten  (because  they  are  smaller  than 
those  of  potato-starch,  Gm.),  a  property  which  makes  it  possible  to 
detect  5  p.  c.  of  potato-starch  in  wheat-starch.  (Martins,  N.  J. 
Pharm.  11,  322.)  —  The  solution  concentrated  by  evaporation  is  gummy 
and  gelatinous  when  cold,  and,  after  three  days,  forms  an  opaque  mud  ; 
it  dissolves  partially  in  cold  water,  leaving  behind  an  opaque  jelly, 
which,  when  diluted  with  water,  deposits  a  white  powder,  soluble  in 
hot  water.  (Guibourt.)— The  solution  evaporated  to  dryness  leaves  a 
residue  (transparent  scales :  Jacquelain)  which  is  only  partially 
soluble  (scarcely  soluble  :  Jacquelain)  in  cold  water  (Guerin-Varry, 
Payeii),  and  also  only  partially  soluble  in  boiling  water,  leaving  beliind 
translucent  husks  resembling  the  envelopes  of  the  starch -granules. 
(Guibourt.)  The  insoluble  portion  {amidine  soluble)  amounts  to  38*29 
p.  c. ;  the  soluble  portion  {amidine)  to  61*71  p.  c.  (Guerin-Varry.)— The 
solution  preserved  out  of  contact  with  the  air  becoipes  turbid  in  60 
hours  at  20°,  deposits  flakes  which  turn  blue  with  iodine,  and  are  only 
partially  soluble  in  hot  water ;  after  8  months,  without  having  fer- 
mented, it  is  no  longer  coloured  blue  by  iodine.  Even  when  kept  so  that 
air  has  access  to  it,  the  solution  does  not  ferment ;  at  first  it  turns 
blue  with  iodine,  but  does  so  no  longer  after  45  days,  (Guerin-Variy.) 
—  The  solution  cooled  to  20°,  and  then  thawed,  leaves  the  greater 
part,  but  not  all,  of  the  amidine  soluble  {des  fibres  amylacees,  Jacque- 
lain) as  a  white  insoluble  mass,  while  the  solution  contains  amidine, 
(Guerin-Yarry.) 

The  aqueous  starch  prepared  with  cold  water,  according  to  Delffs' 
directions  fp.  93. — Delffs'  amylogenj,  gives  the  following  reactions:  it 
colours  solution  of  iodine  blue,  gives  white  precipitates  with  baryta- 
water  and  basic  acetate  of  lead  ;  reduces  tartrate  of  potash  and  coj^per  ; 
and  is  without  action  on  mercurous  nitrate  or  terchloride  of  gold. 
(Delffs.; 

Here  also  belongs,  according  to  Fliickiger  {Pharm.  Viertelj.  10,  40 ; 
Zeitschr.  Ch.  Pharm.  4,  104J  the  product  obtained  from  starch  by  the 
following  process :  when  starch  is  shaken  with  10  or  20  pts.  of  a  ^ — j 
p.  c.  chloride-of-calcium  solution,  it  becomes,  after  some  time,  slimy 
and  ropy,  and  after  2-3  days,  an  upper  layer  separates,  which  is  a 
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solution  of  chloride  of  calcium  containing*  but  little  starch.  The 
residue,  shaken  up  with  100-150  pts.  water,  forms  a  stiff  jelly,  which, 
when  filtered  after  the  addition  of  more  water,  behaves  with  reagents 
in  the  same  way  as  Delffs'  amylogen,  and  from  which  alcohol  pre- 
cipitates flakes,  which,  after  being  washed  with  alcohol,  dry  up  to 
colourless,  transparent  lumps ;  while  moist  they  are  easily  soluble  in 
warm  water,  but  after  being  dried  they  are  almost  insoluble  even  in 
boiling  water,  and  do  not  dissolve  in  aqueous  cuprammonia  (Fliickiger). 
%  If  a  solution  prepared  as  above  is  saturated  with  chloride  of  sodium, 
it  may  be  kept  a  much  longer  time  without  alteration.  (Mohr,  Lehrh. 
d.  Chemisch-analyliscJien  Titrirmethode,  Braunschweig,  1862,  236.) 

Starch  triturated,  first  with  a  few  drops  of  water,  then  with  a  con- 
centrated solution  of  chloride  of  zinc,  produces  a  perfect  paste  at  the 
ordinary  temperature.  On  addition  of  water,  this  paste  yields  a  turbid 
liquid,  which  reacts  with  iodine  like  a  solution  of  starch  prepared  by 
boihng  starch  with  water  and  filtering.  By  precipitating  the  zinc 
with  carbonate  of  soda  and  filtering,  a  clear  solution  is  obtained  which 
reacts  strongly  with  iodine  fMohr,  Lehrh.  d.  Chem.  analyt.  Titrirmeth. 
235;  Ann.  Pharm.  115,  212;  abstr.  Rep.  Chim.  pure,  3,  61).  f 

Starch-paste.  —  Kleisfer,  CoUe  d'amidon,  Empois.  —  Starch-paste  is 
starch  greatly  swollen  up  in  water  (BerzeliusJ ;  does  not  contain  starch  in 
solution  (Schleiden) ;  according  to  Payen,  it  contains,  according  to 
the  quantity  of  water,  both  dissolved  amidon  fstarch  free  from 
envelopes)  and  undissolved;  according  to  Guerin-Varry,  it  contains 
dissolved  amidine  and  amidine  soluble ;  according  to  Guibourt,  dissolved 
fecule  soluble ;  according  to  Caventou,  dissolved  amidin  together  with 
unaltered  starch.  —  It  is  formed  when  starch  is  heated  w^th  water  to 
75°  — 100°;  or  when  starch  which  has  been  moistened  with  cold 
water  is  mixed  with  boiling  water.  —  ^  The  starch-granules  of  sago 
and  tapioca  are  already  wholly  or  in  part  in  the  state  of  paste. 
(Lippmann.)  ^ 

When  starch-granules  are  warmed  with  water  they  split,  first  near 
the  nucleus,  then  expand  in  the  direction  of  their  thinnest  layers,  split 
open  either  with  straight  or  jagged  edges,  appear  greatly  expanded 
and  transparent,  and  lastly,  there  separates  from  the  inner  layers  a 
great  number  of  small,  soft  flakes,  which  turn  blue  with  iodine,  whereas 
the  swollen  granules  only  become  wine-red.  (Fritzsche.)  —  On  warm- 
ing starch  with  water  :  at  54°  a  few  of  the  granules,  at  59°  or  60° 
many  of  them,  burst  at  the  nucleus  ;  at  61°  a  few,  at  62°  almost  all,  at 
64°  all,  break  up  into  ragged  masses.  (Guerin-Varry.^  They  first 
begin  to  burst  at  56°  ;  at  60°  most  of  them  are  burst,  and  the  blueing 
of  the  water  by  iodine  first  occurs  at  this  temperature.  The  formation 
of  paste  commences  at  72°,  but  the  hot  water  penetrates  before  this 
by  endosmose  [also  according  to  Dutrochet  {Ann.  Sc.  Nat.  30,  354)], 
through  the  envelopes,  into  the  interior  of  the  granules,  causing  them 
to  swell  up  to  30  times  their  bulk,  bursting  the  envelopes,  and  making 
the  swollen  contents  protrude  more  or  less,  according  to  the  quantity 
of  water  they  have  taken  up.  The  contents  are  partly  dissolved  and, 
on  cooling,  partly  reprecipitated  upon  the  envelopes,  causing-  the  paste 
to  contract  and  thicken  (Payen).  ^  Lippmann  (J.  pr.  Chem,.  83,  52) 
gives  the  following  table,  in  which  the  column  marked  A  shows  the 
temperature  at  which  the  granules  of  the  various  kinds  of   starch 


A, 

B. 

C. 

45-0° 

50-0° 

55-0° 

50-0 

55-0 

62-5 

52-5 

56-25 

58-75 

37-5 

57-5 

62-5 

52-5 

58-75 

62-5 

46-25 

58-75 

62-5 

53-75 

58-75 

61-25 

50-0 

58-75 

62-5 

— 

61-25 

65-0 

— 

62-5 

68-75 

45-0 

63-75 

68-75 

50-0 

65-0 

67-5 

66-25 

66-25 

70-0 



66-25 

70-0 

55-0 

68-75 

71-25 

57-5 

77-5 

87-5 

h  water 

to  40° 

or  50°,   the 

lit  rings 

;  at  60° 

the  granules 
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enumerated  in  the  left-hand  column  begin  to  swell  up  distinctly ; 
column  B.  the  temperatures  at  which  the  formation  of  paste  begins ; 
and  column  C.  those  at  which  it  is  complete  : — 

Eye-starch 

Maize-starch         .... 
Horse-chestnut  -  starch  {^scidus 

Hippocastanum) 
Barley- starch       .... 
Chestnut-starch  {Castanea  vesca)  . 
Potato -starch       .... 

Rice -starch 

Starch  from  Arum  maculatum 

Hermodactyl- starch 

Tapioca  {Jatropha  utilissima,  Pohl) 

Starch  of  Arum  esculentum     . 

Wheat-starch       .... 

Arrow-root  (Maranta  arundinaced) 

Sago  {Sagus  RumpJiis)  . 

Buckwheat-starch 

Acorn- starch         .... 

When  potato-starch  is  warmed  with  water 
granules  exhibit  alternately  dark  and  light  rings 

expand,  the  rings  separate  from  one  another,  and  circles  of  smaller  granules 
become  apparent.  At  65°  — 70°  the  granules  burst,  and,  on  boiling, 
appear  in  irregular  shapes  like  collapsed  bags.  On  moistening  the 
mass  with  iodine,  brown  sheaths,  consisting  of  cellulose,  are  seen  in 
the  midst  of  a  blue,  apparently  granular  mass.  (Maschke.)  —  Accord- 
ing to  Guerin-Varry,  triturated  starch  dissolves  in  boiling  water  with 
the  exception  of  2-12  p.  c.  envelopes  {amidine  tegumentaire) ;  according 
to  Guibourt,  it  dissolves  completely  by  long  boiling  in  water,  and 
slowly  only  because  the  envelopes  (which  are  not  chemically  different) 
are  denser  than  the  contents.  According  to  Jacquelain,  a  solution  pre- 
pared by  long  boiling  with  500  pts.  water  contains,  in  the  form  of 
soluble  starch,  10 — 17  p.  c.  of  the  starch  employed. 

Starch-paste  forms  a  translucent  jelly,  which  is  thicker,  the  more 
undecomposed  starch  it  contains.  (Caventou.J  Boiled  with  an  equal 
quantity  of  water,  wheat-starch  gives  a  thinner  paste  than  potato- 
starch  ;  arrow-root,  on  the  other  hand,  gives  only  an  incoherent 
mucilage.  (Pfaff,  N.  Tr.  11,  2,  197.^  Common  starch-paste  is  sticky, 
not  so  that  prepared  from  rice-starch  (Yogel) ;  it  has  a  faint  taste, 
and  a  peculiar  smell  when  prepared  from  wheat- starch,  not  when  pre- 
pared from  arrow-root.  ^Oswald,  N.  Br.  Arch.  40,  166.)  The  starch  of 
^scidus  Hippocastanum  does  not  form  a  paste,  but  only  a  thick 
mucilage.      (Schweigger-Seidel,  J.  pr.  Chim.  5,  227.J 

Starch-paste  becomes  acid  hy  standing  in  the  air^  owing  to  the 
formation  of  lactic  acid  (Braconnot),  —  of  an  unciystallisable  acid. 
(Collard  de  Martigny,  J.  Chim.  med.  3,  238).  If  saturated  with 
common  salt,  it  may  be  kept  in  stoppered  bottles  without  alteration 
for  more  than  a  year.  (Mohr.)  Starch  is  converted  by  boiling  into 
sugar  (which,  after  1  or  2  months  at  the  common  temperature, 
amounts  to  \—^  of  the  starch  used),  into  gum,  into  slightly  altered 
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pasty  starch  (amidine\  and  sometimes  into  a  resinous  substance  (Comp. 
Saussure,  Ann.  Chim.  Phys.  11,  388  and  Caventou). 

When  exposed  to  sunlight^  starch-paste  is  changed,  first  into  a 
substance  resembhng  inuhn,  then  into  dextrin  and  sugar.  —  The 
transformation  does  not  take  place  in  the  dark,  except  in  presence  of 
potassio-ferric  tartrate,  the  presence  of  which  makes  sunhght  act 
with  one-third  more  energy  ;  nitrate  of  uranium  renders  the  action  of 
sunhght  from  3  to  10  times  more  intense ;  ferrous  lactate  or  citrate  and 
corrosive  sublimate,  on  the  other  hand,  diminish  or  prevent  it 
altogether.  (Niepce  de  St.  Victor  &  Corvisart,  Compt.  rend.  49,  368 ; 
abstr.  Ann.  Pharm.  113,  112.) 

B.  With  Iodine.  —  Starch  is  coloured  blue  by  contact  with  iodine, 
and  forms  iodide  of  starch  (Colin  &  Gaultier  de  Claubry),  a  dark  blue 
shining,  easily  pulverizable  mass,  retaining  the  original  form  of  the 
starch-granules.  (Fritzsche ;  Schacht,  N.  Br.  Arch.  47,164.)  It  is 
to  be  regarded  as  starch  coloured  blue  by  the  surface  of  the  granules 
being  covered  with  finely  divided  iodine.  (Liebig,  Ann.  Pharm.  42, 
308;  and  others.)  According  to  Payen  and  Fritzsche,  it  is  a  com- 
))ound  of  10  at.  starch  with  1  at.  iodine. — According  to  the  way  in 
which  it  is  prepared,  iodide  of  starch  may  contain  from  3*2  to  7*1  p.  c. 
iodine.  —  The  colour  of  the  compound  is  not  the  same  with  all  kinds 
of  starch  :  arrow-root  starch  gives  the  purest  blue ;  wheat-starch  more 
of  a  reddish  violet  colour.     (Pohl.) 

The  formation  of  iodide  of  starch  takes  place  also  when  air  is 
excluded.  (Payen.)  It  also  takes  place  slowly  when  starch  is  tritu- 
rated with  sohd  iodine,  tincture  of  iodine,  or  an  ethereal  solution  of 
iodine;  it  occurs  immediately  in  presence  of  water,  or  when  warm 
tincture  of  iodine  is  poured  on  the  starch.  Iodine-vapour,  or 
iodine  dissolved  in  absolute  alcohol,  does  not  form  iodide  of  starch 
with  dry  starch.  (Payen;  Gobley,  J.  chim.  med.  20,  121;  Lang- 
lois.)  %.  Potato-starch,  treated  with  alcohol  and  tincture  of  iodine,  is 
coloured  more  or  less  brown  ;  otherwise  the  same  phenomena  occur  as 
Avhen  pure  alcohol  is  used.  The  blue  coloration  occurs  only  when  a 
great  excess  of  water  is  added,  or  when  the  alcohol  has  become  dilute 
by  evaporation  and  absorption  of  water.  These  phenomena  are 
accounted  for  by  the  solvent  power  of  alcohol  for  iodhie  being  great 
enough  to  overpower  the  attraction  of  the  starch  for  iodine.  (Pohl, 
./.  pr.  Chem.  83,  37.)  If  —  Starch-paste  mixed  with  iodide  of  potassium 
is  coloured  blue  by  all  re-agents  which  hberate  iodine  from  metalhc 
iodides,  and  hence  by  chlorine  (Lassaigne  ;  Bottger,  Ann.  Pharm.  33, 
338  ;  Wackenroder,  N.  Br.  Arch.  47,  166),  fuming  nitric  acid  (Walther, 
Qu.  J.  3,  378 ;  Harting,  J.  pr.  Chem.  22,  46),  bromine  (Wackenroder), 
ozone  (Schonbein,  Pogg.  75,  356),  oil  of  vitriol,  sesquichloride  of  iron, 
and  many  other  bodies.  Very  dilute  peroxide  of  hydrogen  separates 
iodine  either  not  at  all,  or  very  slowly,  from  a  mixture  of  iodide  of 
potassium  and  starch ;  it  acts  quickly,  however,  if,  free  acid  being 
avoided,  a  small  quantity  of  a  dilute  aqueous  ferrous  salt  is  added. 
(Schonbein,  Pogg.  112,  281.) 

The  blue  coloration  of  starch  either  does  not  occur  or  is  less  pure 
in  presence  of  tannic  acid,  a  small  quantity  of  gallic  acid,  pyrogalhc 
acid  or  urine  (Lowe,  J.  pr.  Chem.  74,  358) ;  in  presence  of  saliva,  blood- 
serum,  and  other  substances,  it  is  not  produced  until  the  liquid  con- 
taining the  starch  has  been  mixed  with  1  —  2  drops  of  tincture  of 
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iodine,  tlien  with  a  few  drops  of  aqueous  potash,  and,  lastly,  supersa- 
turated with  nitric  acid.     (Bechamp,  iV.  J.  Pharm.  27,  406.) 

Starch  is   perceptibly   coloured  blue  by  2"oo-,Voo    pt-  of  aqueous 

iodine,  not  by  4-oo,Voo-  P**  iP^  the  contrary  :  Stromeyer,  Gilb.  49,  146)  ;  by 
chlorine  in  presence  of  -ao-o.Voo-  P*-  iodine  in  the  form  of  iodide  of  po- 
tassium (Lassaigne) ;  by  a  small  quantity  of  fuming  nitric  acid  in 
presence  of  too,Vo"o  P*-  iodide  of  potassium,  very  faintly  in  presence 
of  _^__^  pt. ;  in  the  last  case  the  coloration  is  prevented  by  chloride 
of  potassium  if  the  quantity  of  this  salt  present  amounts  to  10,000 
times  as  much  as  the  iodide  of  potassium  (Walther) ;  it  is  pro- 
duced in  presence  of  a-oo-.Vro  Pt«  iodine  in  the  form  of  iodide  of 
potassium,  after  some  hours  with  4-ro.Vo~o  to  ■syo.Voo  pt-  iodine  in  the 
same  form ;  not  at  all  with  a  still  smaller  quantity.  (Harting.)  A 
solution  of  starch-paste  containing  from  3-g^.Voo-  P*-  to  sto.Vo  o  Pt*  iodine, 
as  iodide  of  potassium,  is  coloured  blue  at  0°  on  addition  of  sulphmic  acid 
containing  hyponitric  acid ;  whereas,  at  13°,  the  coloration  is  barely 
perceptible  with  aa-o.Vo-o  Pt-?  ^t  20°  with  ^-g^L^-  pt.,  at  30°  with 
T3-2-,V-oo-  pt-  iodine.  '  Hence  it  results  that  the  quantity  of  iodine 
required  to  colour  aqueous  starch-paste  increases  with  the  tempera- 
ture. (Fresenius,  Ann.  Pharm.  102,  184  ;  Kopp's  Jahresher.  1857,  581.) 
Pure  iodide  of  starch  is  obtained  :  1.  By  adding  iodine  or  alcoholic 
tincture  of  iodine  to  a  filtered  solution  of  starch-paste  in  concentrated 
hydrochloric  acid,  washing  the  resulting  precipitate  with  water,  till 
the  hquid  runs  away  colourless,  and  drying  over  oil  of  vitrioL 
(Fritzsche.)  —  The  compound  thus  prepared  generally  contains  hydrochloric  acid 
(Fritzsche,  Bottger.)  —  2.  By  mixing  potato-starch  paste  containing 
iodide  of  potassium  with  an  equivalent  quantity  of  chlorine-water, 
and  washing  and  drying  the  precipitate,  which  forms  immediately. 
(Bottger.)  Lassaigne  triturates  potato- starch  with  cold  water, 
dilutes,  washes,  mixes  the  filtrate  (which  contains  Lassaigne's 
amidin)  with  aqueous  or  alcoholic  iodine,  and  evaporates  in  vacuo. 
Lassaigne's  iodamidin  thus  prepared  contains  41*76  p.  c.  iodine. 

Duroy  {Compt.  rend.  51,  1031  ;  Zeitschr.  Ch.  Pharm.  4,  88),  who 
regards  blue  iodide  of  starch  as  coloured  by  excess  of  iodine,  obtains 
his  colourless  iodide  of  starch — ^which,  however,  may  be  blued  by  chlo- 
rine or  nitric  aicid — by  boiling  aqueous  blue  iodide  of  starch  till  it  is 
decolorised,  or  by  leaving  it  in  contact  with  washed  beer-yeast,  and 
evaporating  the  decolorised  solution.  He  frees  the  residue  by  alcohol 
from  the  sugar  w^hicli  has  been  formed,  colomless  iodide  of  starch  then 
remaining  in  the  form  of  a  sweet  gum. 

Iodide  of  starch  heated  in  a  retort  becomes  first  darker,  then 
lighter,  yields  a  distillate  of  aqueous  hydriodic  acid,  acetic  acid  and 
empyreumatic  oil,  and  leaves  a  residue  of  charcoal.  (Pelletier.)  Air- 
dried  iodide  of  starch  heated  in  a  sealed  tube  to  162°,  melts  completely 
to  a  transparent,  brownish-yellow  mass,  which  becomes  vitreous  on 
cooling,  dissolves  in  boihng  oil  of  vitriol,  and  is  precipitated  therefrom 
in  brown  flocks  by  water.     (Payen  ;  comp.  Jacquelain.) 

Iodide  of  starch,  whether  dry  or  dissolved  in  water,  is  decolorised 
by  exposure  to  sunhght  (Raspail,  Guibourt,  Payen) ;  the  colour  is  re- 
stored by  ozone  (Schonbein,  Pogg.  75,  354). 

Iodide  of  starch  behaves  hke  starch  when  agitated  or  triturated 
with  water.  —  If  it  has  been  prepared  from  aqueous  starch  or  in  the 
manner  above  described,  it  dissolves  readily  in  cold  water,  and  is 
obtained  unaltered  by  spontaneous  evaporation,  or  by  evaporation  in 
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vacuo.  (Fritzsche ;  Jessen,  Pogg.  100,  497 ;  and  others.)  It  is  preci- 
pitated from  the  aqueous  solution  by  alcohol  less  easily  than  aqueous 
starch  (Jessen) ;  by  isinglass,  acids,  and  salts,  and  by  cooling  (Payen). 
The  easily-formed  solution  of  Lassaigne's  iodamidin  in  cold  water 
retains  its  blue  colour  unaltered  for  4  years,  and  soHdifies  at  5°  to  a 
dark  blue  mass,  which,  when  thawed,  deposits  dark  blue  flocks  soluble 
in  water  at  55°  to  60°.  Seput  {N.  J.  Pharm.  21,  202)  obtained  an 
iodide  of  starch  soluble  in  cold  water,  by  heating  1  pt.  iodine  with 
3  pts.  starch  to  80°— 100°  for  half-an-hour,  and  then  heating  it,  with 
agitation,  to  130°  — 140°.  Magnes-Lahens  {N.  J.  Pharm.  19,  243) 
obtained  it  by  heating  the  same  mixture  in  the  water-bath  for  two  or 
three  hours,  and  washing  out  the  excess  of  iodine  with  alcohol.  The 
product  thus  obtained  is  called  by  Seput  iodide  of  dextrin. 

A  very  dilute  aqueous  solution  of  iodide  of  starch,  heated  to  65° 
(Payen  &  Persoz),  becomes  colourless,  but  recovers  its  blue  colour  on 
cooling,  provided  it  has  not  been  boiled  long  enough  to  expel  all  the 
iodine.  With  100  pts.  of  boiling  water,  iodide  of  starch  forms  a 
colourless  paste  (Pelletier),  which  gives  off  the  vapour  or  odour  of 
iodine  (Fritzsche).  Decolorised  iodide  of  starch  is  free  from  hydi'iodic 
acid  (Pelletier,  Fritzsche),  contains  iodic  acid  (Langlois),  and  hydri- 
odic  acid  (Lassaigne),  and  is  therefore  again  blued  by  chlorine  and  by 
concentrated  mineral  acids,  even  if  it  remains  colourless  on  cooling 
(Langlois,  Pelletier) ;  also  by  salts  (Payen),  not  by  vegetable  acids  or 
by  dilute  mineral  acids,  sulphurous  acid,  or  carbonic  acid  (Pelletier).  A 
concentrated  aqueous  solution  of  iodide  of  starch  is  not  decolorised  by 
boiling  (Langlois ;  comp.  Jacquelain). 

The  decoloration  of  aqueous  iodide  of  starch  by  heat  is  due  to  the  vo- 
latilisation of  the  iodine ;  hence  it  does  not  take  place  (with  concentrated 
iodide  of  starch)  in  a  sealed  tube,  or  when  the  liquid  contains  excess 
of  iodine.  If  the  iodine  which  evaporates  on  boihng  be  expelled  by 
blowing  air  into  the  vessel,  the  iodide  of  starch  remains  colourless 
after  cooling,  but  if  it  can  reabsorb  the  iodine -vapours  on  cooling,  the 
colour  is  restored.  Dilute  iodide  of  starch  heated  30  or  40  times  in  a 
sealed  tube  is  decolorised  by  each  apphcation  of  heat,  but  regains  its 
blue  colour  on  coohng,  without  much  decrease  of  intensity.  (Baudii- 
mont,  Compt.  rend.  51,  825  ;  Zeitschr.  Ch.  Pharm.  4,  27; — comp.  Pohl, 
J.  pr.  Chem.  83,  38.)  —  This  statement  does  not  accord  with  the 
observations  of  Kraut.  When  aqueous  iodide  of  starch,  which  became 
colourless  on  being  heated  in  an  open  tube,  was  enclosed  in  a  sealed 
tube  and  immersed  in  the  water-bath,  decoloration  took  place  as 
quickly  as  in  an  open  vessel.  Iodide  of  starch,  wdnch  had  been 
heated  in  a  closed  tube  for  a  short  time  only,  became  blue  again 
on  cooling,  but  not  that  which  had  been  heated  for  several  hours. 
On  adding  more  iodine  after  coohng,  the  blue  colour  was  re- 
stored ;  on  sealing  the  tube  and  again  heating,  it  was  destroyed ; 
and  on  cooling,  the  colour  was  restored  or  not  restored,  accord- 
ing to  the  duration  of  the  heating.  At  the  same  time  hydriodic 
acid  was  produced,  recognisable  by  cyanide  of  mercury.  (Kr.) 
Decoloration  of  iodide  of  starch  or  its  aqueous  solution  is  produced 
by  all  re-agents  which  cause  the  iodine  to  enter  into  combination, 
especially  by  chlorine,  the  colour  being  then  restored  by  zinc  and 
dilute  sulphmic  acid  (Henry  &  Humbert,  Compt.  rend.  47,  298) ;  nitric 
acid,  which  converts  the  iodine  into  iodic  acid,  and  destroys  the  starch 
(Langlois;    Wackenroder,  H.  Br.  Arch.  47,  166);    sulphm^ous  acid, 
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hydrosulphuric  acid  (Langlois);  arsenious  acid  (Pisani);  aqueous 
ammonia  and  potash  (Pelletier),  the  blue  colour  being  then  restored 
by  acids.  Iodide  of  starch  is  likewise  decolorised  by  terchloride  of 
antimony,  chloride  of  arsenic,  terchloride  of  gold,  ferrous,  manganous, 
stannous,  mercurous,  mercuric,  and  silver  salts.  (Pisani.)  Infusion 
of  galls  decolorises  iodide  of  starch :  hence  certain  roots  containing 
both  starch  and  tannin,  are  not  blued  by  iodine  till  after  addition  of 
nitric  acid.  (Wackenroder.)  Decoloration  is  also  produced  by 
pyrogallic  acid,  by  wood- vinegar  and  by  tobacco-vapour,  after  the 
compound  has  been  moistened  with  acetic  acid.  (Lowe,  J.  pr.  Chem. 
71,  353.)  Shghtly  blued  starch  is  decolorised  by  fixed  oils.  (Payen.) 
Alcohol  and  ether  abstract  part  of  the  iodine  from  iodide  of  starch. 
(Payen,  Langlois.) 

When  starch-paste  is  mixed  a  with  tincture  of  iodine,  h  with  iodide 
of  potassium,  and  both  or  only  the  latter  with  nitric  acid  free  from 
nitrous  acid,  and  bromine-vapour  is  made  to  flow  on  to  the  surface  of 
both  mixtures,  a  is  completely  decolorised,  but  h  assumes  an  emerald- 
green  colour,  changing  to  olive-green  on  further  exposure  to  the 
bromiae- vapour,  and  finally  to  brown.  The  latter  colouring  is  also  pro- 
duced by  chlorine  or  hyponitric  acid,  whereas  the  mixture  of  iodide  of 
potassium  and  starch-paste  (not  containing  free  nitric  acid)  is  not 
coloured  emerald-green  either  by  these  re-agents  or  by  bromine-water, 
(J.  Reinsch,  N.  Jahrh.  Pharm.) 

C.  With  Bromine.  —  Bromide  of  Starch.  —  Formed  by  precipitating 
a  solution  of  starch  in  hydrochloric  acid  with  aqueous  bromine.  — 
Orange-yellow  powder,  which  cannot  be  dried  without  loss  of 
bromine ;  it  loses  its  colour  from  above  downwards,  even  while  in  the 
acid  hquid,  and  is  completely  decolorised,  with  loss  of  bromine,  by 
heat,  but  re-assumes  a  pale  yellow  colour  on  cooHng.     (Fritzsche.) 

D.  With  Acids.  —  Sulphamidonic  acid  (p.  104). 

E.  With  Bases. — Ainilate  of  Baryta.— -By  precipitating  starch- 
paste  with  baryta- water.  (Payen.)  — Aqueous  chloride  of  barium  does  not 
form  any  precipitate.  (Payen.) — When  baryta-water  is  boiled  with 
potato-starch  for  half-an-hour,  thick  white  lumps  of  amilate  of  baryta 
separate  on  cooHng.  (Zeise.)  —  Coherent  precipitate  becoming  veiy 
tenacious  after  a  while  (Payen) ;  it  dissolves  after  some  time  in  the 
precipitating  Hquid  (Payen),  or  in  water  if  washed  for  some  tune 
with  that  liquid,  and  is  precipitated  from  the  solution  by  baryta- 
water.     (Zeise.) 

Amilate  of  Lime.  —  By  precipitating  thin  starch-paste  with  Hme- 
water.  (Braconnot,  Ann.  Chim.  Phys.  4,  372  ;  Payen.)  White  flocks, 
(Braconnot.)  Boiling  starch-paste  mixed  with  a  few  drops  of  aqueous  chloride  of 
calcium  and  a  small  quantity  of  aqueous  potash  sometimes  throws  down  amilate  of 
lime  in  the  form  of  a  jelly.     (E.  Schmidt,  Ann.  Pharm.  51,  31.) 

Starch-paste  dissolves  recently  precipitatedpAospAa^e  of  lime.  (Vau- 
quehn,  J.  Phys.  85,  126 ;  Schmidt.) 

Amilate  of  Lead.  ~  Basic.  10  pts.  of  starch  are  boiled  with  1200 
pts.  of  water ;  the  liquid  is  filtered ;  the  boihng  filtrate  mixed  with 
20  pts.  of  ammonia  previously  diluted  with  40  pts.  of  water;  the 
liquid  added,  with  stirring,  to  a  solution  of  30  pts.  neutral  acetate  of 
lead  in  200  pts.  water  and  5  pts.   ammonia ;  the  supernatant  liquid 
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decanted  from  the  precipitate  after  the  lapse  of  an  hour,  and  the  precipi- 
tate is  treated  four  times  with  boihng  water — being  each  time  left  to 
settle  and  the  liquid  decanted  in  close  vessels — then  washed  on  the 
filter  with  boiling  water,  pressed  between  bibulous  paper,  and  dried  in 
vacuo  first  over  hydrate  of  potash,  then,  after  pulverization,  at  180°. 
(Payen.)  When  aqueous  starch  free  from  ammonia  is  precipitated  with  ammoniacal 
aqueous  solution  of  neutral  acetate  of  lead,  the  precipitate  contains  a  smaller  quantity 
of  lead-oxide  (54-73  to  56*45  p.  c.  according  to  Payen);  similarly  when  it  is  preci- 
pitated by  a  solution  of  basic  nitrate  of  lead  and  the  precipitate  dried  in  vacuo  at  1 00° 
(28  p.  c).  (Berzelius.)  Aqueous  starch  is  also  precipitated  by  basic  and  neutral 
acetate  of  lead  without  the  aid  of  ammonia  (Caventou)j  not  by  the  neutral  acetate, 
(Thomson,  Trommsdorff.) 


24  C 144-0 

18  H 18-0 

18  0 144-0 

4  PbO 446-8 

C24Hi8pb2O20,2PbO  ?  752-8     ....  100-0     ....  100-00 

Payen  regards  the  compound  as  C^2jj909,2PbO,  according  to  which  formula,  it 
should  give  up  1  at.  HO  at  180°  in  exchange  for  PbO.  Since,  however,  starch-paste 
heated  with  2  pts.  oxide  of  lead,  first  to  140°,  then  to  180°  in  vacuo,  gives  off  only  traces 
of  water,  Mulder  (/.  pr.  Chem.  15,  300)  is  of  opinion  that  the  oxide  of  lead,  in  combining 
with  the  starch,  cannot  take  the  place  of  water.  Payen's  compound  of  starch  with 
oxide  of  lead  dried  at  temperatures  below  130°  still  contains  unaltered  starch  and 
traces  of  dextrin,  turns  yellow  at  160°,  lemon-yellow  after  some  time  at  179°,  gives 
off  only  0'5  p.  c.  water  between  129°  and  179°,  but  contains  together  with  the  unaltered 
starch  a  larger  quantity  of  dextrin  (Berzelius).  —  It  is  not  converted  into  dextrin  at  a 
temperature  of  170° —  180°,  and  it  is  only  after  addition  of  acid  that  it  swells  up  in 
liot  water,  is  blued  by  iodine,  or  converted  by  diastase  into  sugar  (Payen). 

Solution  of  borax  coagulates  starch-paste  (Hof  er),  not  in  presence 
of  free  acid  or  of  tartrate  of  potash.     (Lowig,  Or^.  Verb.  1,  374.) 

Aqueous  nicTcel-ammonia  neither  causes  starch  to  swell  up  nor 
dissolves  it.  (Schlossberger,  Ajin.  Pharm.  107,  22 ;  J.  pr.  Chem. 
7;3,  370.) 

Aqueous  ferric  sulphate  does  not  precipitate  starch-paste  (Payen)  ; 
starch-paste  also  prevents  the  precipitation  of  ferric  salts  by  alkalis. 
(II.  Rose.) 

Starch  is  insoluble  in  aqueous  basic  sulphate  or  hyposulphate  of 
cuprammonia  (Schweizer,  J.  pr.  Chem.  72,  111),  even  when  heated, 
but  swells  up  strongly  therein  (Schlossberger,  Ann.  Pharm.  107,  23 ; 
J,  pr.  Chem.  73,  370).  The  power  of  the  solution  to  make  starch 
swell  up  is  limited  ;  its  action  extends  from  without  inwards,  and 
causes  the  swollen  starch-granules  to  appear  darker  than  the  sur- 
rounding liquid.  (Cramer,  Chem.  Centr.  1858,  57;  J.  pr.  Chem.  73, 
13.)  —  When  aqueous  sulphate  of  cuprammonia  is  poured  upon  wheat- 
starch,  the  granules  swell  up  strongly,  and  an  insoluble  violet  com- 
pound (amilate  of  copper)  is  formed,  containing  12*75  p.  c.  cupric  oxide, 
ammonia  slowly  decolorises  it,  and  removes  the  copper.  When  cold 
dilute  acids  are  poured  upon  this  compound,  it  swells  up  strongly,  and 
iinally  dissolves  with  the  exception  of  the  enlarged  envelopes  of  the 
starch-granules.     (Payen,  Compt.  rend.  48,  G7.) 

Starch  boiled  with  water  forms  a  precipitate  with  aqueous  nitrate  of 
silver-,    this  precipitate  is  more  copious   with  arrow-root  than  with 
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potato-starch.  (Schmidt,  JSf.  Br.  Arch.  19,  195.)  Starch  boiled  with 
90  pts.  water  dissolves  nitrate  of  silver.     (Thomson.) 

Starch-paste  prepared  with  1  pt.  starch  to  90  pts.  water  does  not 
precipitate :  cobalt-salts,  zinc- salts,  stannous,  ferrous,  ferric,  or  cupric 
salts,  nitrate  of  lead,  mercuric  nitrate,  terchloride  of  gold,  or  bichloride  of 
platinum.  (Thomson.)  Starch-paste  prepared  with  1  pt.  wheat-starch 
and  50  pts.  water  does  not  precipitate :  uranic  7iitrate,  manganous 
sulphate,  tartai^-emetic,  nitrate  of  zinc,  chloride  of  cadmium,  chloride  of  tin, 
sesquichloride  of  iron,  the  salts  of  cobalt,  nickel,  copper,  or  silver,  mercuric 
nitrate,  terchloride  of  gold,  chloride  of  platinum,  or  chloride  of  palladium. 
(Trommsdorff,  Taschenh.  1824,  24.)  Thin  starch-paste  heated  to  50°, 
does  not  precipitate  aqueous  acetate  of  alumina  or  ferrous  sulphate,  but 
produces  a  slight  turbidity  in  mercurous  nitrate. 

Infusion  of  galls  added  to  thin  starch-paste  produces  an  abundance 
of  grey  flocks  (Thomson;  Payen  &  Persoz),  which  are  partially 
decomposed  and  leave  a  residue  of  starch  when  completely  washed  with 
alcohol  (Thomson);  and  also  when  washed  with  cold  water.  (Kali- 
nowsky,  J.  pr.  Chem.  35,201.)  The  flocks  disappear  on  heating  the 
liquid  above  49°,  reappear  below  49°,  and  dissolve  in  excess  of  the 
infusion  of  galls.  (Thomson.)  If  the  infusion  of  galls  be  slowly 
added,  they  dissolve  at  first,  but  not  afterwards ;  they  are  likewise 
insoluble  in  a  large  quantity  of  water,  and  are  deposited  on  adding 
more  of  the  infusion  of  galls.  (Payen.)  The  dried  precipitate  is 
brownish  yellow,  translucent,  brittle,  and  has  a  harsh  taste.  (Thomson.) 
Tasteless.     (Kalinowsky.) 

Starch  is  insoluble  in  alcohol,  in  ether,  and  in  oils,  both  fxed  and 
volatile.  From  impure  starch,  these  solvents  remove  chlorophyll,  wax  or  fat. — 
Starch  swells  up  when  glycerin  is  poured  upon  it.  (Cap  &  Garot,  N.  J.  Pharm, 
26,  81.) 


Appendix  to  Starch. 

1.  Bechamp's  Soluble  Starch. 

Distinguished  by  Bgchamp,  as  a  substance  differing  from  common  starch  and  from 
dextrin.  He  regards  it  as  identical  with  the  substance  originally  called  dextrin  by 
Biot  (not  that  to  which  the  name  dextrin  is  now  applied).  Respecting  Maschke's 
soluble  starch,  see  page  82. 

Formation.  Common  starch  is  converted  into  soluble  starch  by  hot 
dilute  acids,  diastase,  concentrated  acids,  either  cold  or  hot,  and 
solution  of  chloride  of  zinc.  —  When  starch  is  subjected  to  the  action  of  dilute 
acids  or  of  diastase,  it  is  first  disorganised,  then  converted  into  a  substance  which 
not  immediately  blued  by  iodine  (Saussure's  Ligneux  amylact),  then  into  a  substance 
which  dissolves  only  in  water  at  80°,  and  separates  again  as  the  solution  coolfl 
[Jacquelain's  Granules  de  fecule,  Sch ulze's  ^mirf«/m  {J.  Pr.  Chem.  H,  178)],  and 
finally  into  soluble  starch.  —  Soluble  starch  is  produced,  without  previous 
disorganisation,  by  the  action  of  glacial  acetic  acid  on  starch. 
(Bechamp.) — It  is  likewise  obtained  by  treating  xyloidin  with  aqueoue 
protochloride  of  iron.     (Bechamp,  Compt.  rend.  37, 134.) 
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Preparation. — Stavch-paste  issubjected  to  the  action  of  diastase  or 
of  dilute  sulphuric  acid,  till  the  mixture  is  coloured  by  iodine,  no  longer 
blue  but  violet,  the  hquid  is  then  saturated  with  carbonate  of  baryta, 
or  the  action  of  the  diastase  is  interrupted  by  boihng-,  the  filtrate  is 
precipitated  with  alcohol,  and  the  precipitate  is  washed  with  alcohol 
and  dried. — 2.  One  part  of  starch  is  heated  with  4  pts.  glacial 
acetic  acid  to  100°  in  a  sealed  tube  for  six  hours,  and  the  contents 
of  the  tube  are  washed  on  a  filter  with  alcohol,  and  dried. — 3.  Starch 
covered  with  2  pts.  of  ordinary  and  1  pt.  of  fuming  nitric  acid,  is  left 
to  stand  in  a  covered  vessel  at  18°  —  20°,  till  it  is  converted  into  a 
clear,  transparent  mass, — or  a  thick  mixture  of  starch  and  nitric  acid 
is  heated  till  it  gives  off  red  vapours  ;  alcohol  is  added  in  either  case ; 
and  the  insoluble  residue  is  washed  with  alcohol,  and  dried  over  oil  of 
vitriol. — 4.  Three  parts  of  starch  are  triturated  with  2  pts.  oil  of 
vitriol ;  the  stiff  white  paste  is  covered  with  alcohol  after  the  lapse  of 
half-an-hour ;  and  the  insohible  residue  is  purified  by  washing  with 
alcohol,  solution  in  water,  and  precipitation  with  alcohol. — %.  5.  ISiitra- 
midin,  binitramidin,  or  one  of  the  compounds  isomeric  therewith 
(pp.  106 — 112),  is  heated  with  a  rather  dilute  and  perfectly  neutral 
solution  of  protochloride  of  iron,  keeping  the  temperature  below 
100°,  and  adding  iron  filings  to  prevent  the  formation  of  free 
hydrochloric  acid,  which  would  transform  the  starch  into  dextrin. 
As  soon  as  the  evolution  of  nitric  oxide  ceases,  the  liquid  is 
quickly  cooled,  filtered,  mixed  with  alcohol,  and  left  to  stand  for 
twenty-four  hours.  It  then  deposits  an  ochreous  mixture  of  starch 
and  ferric  oxide,  which  is  washed  with  alcohol  and  dissolved  in  water ; 
the  filtered  solution  is  treated  with  excess  of  baryta,  and  the  resulting 
precipitate  of  amilate  of  baryta  is  washed  with  water  containing  a 
little  baryta,  then  suspended  in  water  and  decomposed  by  carbonic 
acid.  The  colourless  filtrate,  concentrated  and  freed  from  dissolved 
carbonate  of  baryta  by  heathig  in  the  water-bath,  is  then  mixed  with 
very  strong  alcohol,  which  precipitates  the  starch  in  very  minute 
granules,  to  be  purified  by  repeated  washing  with  nearly  absolute 
alcohol,  and  drying  in  vacuo  over  oil  of  vitriol.  (Bechamp,  N.  Ann.  Chim. 
Phijs.  64,  329.)  t. 

Properties.  White  powder,  or  if  obtained  by  evaporating  the 
aqueous  solution,  gummy  transparent  mass.  If  prepared  with  glacial 
acetic  acid,  it  does  not  differ  in  appearance  from  ordinary  starch. 
— Rotatory  power  [a]  =  211°  to  the  right.  (Bechamp;  Berthelot, 
N.  Ann.  Chim.  Phys.  48,  495.) 
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By  the  further  action  of  the  dilute  acids  or  of  the  diastase  used 
m  its  preparation,  it  is  converted  into  dextrin,  sugar,  and  non-fer- 
,  mentable  amylin  ;  by  oil  of  vitriol  or  chloride  of  zinc,  it  is  httle,  if  at 
all,  converted  into  dextrin  and  sugar. 

\       Soluble  starch  dissolves  readily  in  water,  whether  hot  or  cold ; — 
the  solution  is  not  rendered  turbid  by  cooling  or  by  evaporation  to  a 


104  CARBO-HYDRATES  C^m^^O^^ 

syrup ;   neither  does   it   suffer  any  alteration  of  rotatory  power  by 
keeping". 

Soluble  starch  in  the  soHd  state  or  in  solution,  is  turned  blue  by 
iodi?ie,  forming  soluble  iodide  of  starch.  It  is  precipitated  from  its 
solution  by  lime  or  laryta-water,  by  alcohol,  and  by  tannin.  (Bechamp.) 


2.  Sulphamidonic  Acid. 

Fehling.     Ann.  Tharm.  55,  13. 
Blokdeau  de  Carolles.     Bev.  scient.  15,  69  ;  abstr.  J,  pr.  Chem.  33, 
439  ;  Ann.  Pharm.  52,  416. 

Known  chiefly  in  combination  with  bases.— By  the  action  of  oil  of  vitriol 
upon  starch,  compounds  are  produced,  containing,  according  to  the 
quantity  of  the  oil  of  vitriol,  the  duration  of  the  action,  and  the  limits 
within  which  the  temperature  is  restrained,  from  12  to  44  at.  C,  and  12  to 
39  at.  H  and  0,  to  2  at.  sulphuric  acid.  See  the  baryta-salts.  (Fehling.) 
The  product  obtained  by  8  or  10  days'  action  of  oil  of  vitriol  on  starch  contains  dextrin 
and  sugar  as  well  as  sulphamidonic  acid. 

The  aqueous  acid  is  obtained  by  decomposing  the  lead-salt  with 
sulphuretted  hydrogen.  On  evaporating  the  filtrate  separated  from 
the  sulphide  of  lead  in  vacuo  at  10°,  there  remains  a  white,  non-crys- 
talline, acid,  deliquescent  mass,  whose  concentrated  solution  blackens 
at  100°,  and  decomposes  readily,  even  at  ordinary  temperatures,  with 
formation  of  sulphuric  acid,  dextrin,  and  sugar.    (Fehling.) 

If  the  solution  obtained  by  adding  starch  to  oil  of  vitriol  and 
diluting  with  water,  be  neutrahsed  with  alkaline  or  metallic  carbonates, 
the  sulphamidonates  are  produced.  These  salts  are  amorphous,  swell 
up  and  give  off  vapours  of  sulphuric  acid  when  heated ;  are  decom- 
posed by  chlorine  with  formation  of  hydrochloric  acid ;  and  dissolve 
readily  in  water.  (Blondeau.) 

Sulphamidonate  of  Baryta. — When  the  solution  obtained  by  adding 
starch  to  oil  of  vitriol  and  diluting  with  water,  is  neutralised  with 
carbonate  of  baryta,  and  the  filtrate  is  evaporated  in  a  current  of  air  at 
25°,  non-crystalline  baryta-salts  remain,  which,  after  drying  in  vacuo, 
may  be  heated  to  100°  for  three  or  four  hours  without  alteration, 
dissolve  easily  in  water,  and  are  decomposed  when  heated  therewith,  de- 
positing sulphate  of  baryta.  These  baryta-salts  differ  in  composition 
according  to  the  quantity  of  oil  of  vitriol  used,  and  the  time  during 
which  it  has  remained  in  contact  with  the  starch. 

a.  By  12  hours'  action  of  2^  pts.  oil  of  vitriol  on  1  pt.  starch  = 
C^2HiiO",SO^BaO,S0^^5.  By  24  hours'  action  of  the  same  = 
C^«H"0",S03.BaO,S03— c.  By  3  hours'  action  of  1^  pts.  oil  of  vitriol  on 
1  pt.  starch  =  C20H^«O^^SO^BaO,SO^— d  By  24  hours'  action  of  2  pts. 
oil  of  vitriol  on  1  pt.  starch  =  C=*H2''02o,SO^  BaOjSO^.— ^.  By  48  hours* 
action  of  1^  pts.  oil  of  vitriol  on  1  pt.  starch  =  C^sH'^O^^SO^ .  BaO,SO». 
—f.  By  48  hours'  action  of  2^  pts.  oil  of  vitriol  on  1  pt.  starch  = 
0^2H>«02«,SO^BaO,SO«— (7.  By  72  hours'  action  of  l^pts.  oil  of  vitriol  on 
1  pt.  starch  =  C^'^IPOQ^^SO^  BaO,SO^— A.  By  60  hours'  action  of 
21  pts.  oil  of  vitriol  on  1  pt.  starch  =  C^^H^^O^SO^  BaO,SO^— /.  By 
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li  hours'   action  of  1^  pts.  oil  of  vitriol  on  1  pt.  starch  =  C^*IP^O^, 
SO^BaO,SO^    (Fehliug.) 
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Sulphamidonate  of  Lime. — By  saturating  the  solution  of  starch  in 
oil  of  vitriol  with  carbonate  of  lime,  and  evaporating  the  filtrate. 

a.  After  the  oil  of  vitriol  had  acted  for  some  time  on  the  starch 
=  C28H240^SO^  CaO,SO^  2H0;  resembles  gum  arable.  (Blondeau  de 
CaroUes). — h.  After  a  mixture  of  1  pt.  starch  and  2  pts.  oil  of  vitriol 
had  been  immediately  diluted  with  water,  saturated  with  carbonate  of 
lime,  the  filtrate  evaporated  to  a  syrup,  and  precipitated  with  a  large 
quantity  of  alcohol,  and  the  resulting  viscid  precipitate  washed  with 
alcohol  and  dried  in  vacuo  ;  c.  after  the  mixture  had  stood  for  24  hours  ; 
d.  after  it  had  stood  for  7  days,  and  been  treated  like  h.  =  C^^IP^O^^ 
CaO,S^O'  (Kalinowsky) ;  but  according  to  Gerhardt  (iY.  t/^.  P^a?'??^.  8, 
309),  C^^H'^CaO^  2S0^ 
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Sulphamidonate  of  Lead. — Obtained  by  immediately  saturating  the 
solution  of  starch  in  oil  of  vitriol  with  carbonate  of  lead,  of  the 
composition  a  =  C36H3°O^SO^PbO,S0^2HO  ;  but  if  the  solution  is  left  for 
36  hours  before  saturation,  the  salt  has  the  composition  6=C^H^0^*,S0^. 
PbO,S0^2HO.     (Blondeau  de  Carolles.) 
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3.  Nitramidin. 

Braconnot  (1833).     Ami.   Chim.  Phys.   52,  290;  Pofjg.2^,  176;  Ann, 

Pharm.  7,  245  ;  abstr.  Schw.  68,  368. 
LiEBiG.     Ann.  Pharm.  7,  249. 
Payej^.     N.  Ann.  Sc.  nat.  Bot.  10,  161. 
Pelouze.     Compt.  rend.  7,  713  ;  J.  pr.  Chem.   16,  168.  —  Compt.  rend. 

23,  890  ;  J.  pr.  Chem.  40,  200. 
Gladstone.     Mem.  Chem.  Soc.  3,  412.  —  Pharm.  J.  Trans.  13,215. 
Bouijs-Ballot.     ScheiJc.  Onderzoek.  Utrecht,   No.  3  ;  J.  ^?r.   Chem.  31, 

309  ;  Ann.  Pharm.  45,  47. 
Bechamp.     N.  Ann.  Chim.  Phys.  46,  338;  abstr.  Compt.  rend.  41,  817  ; 

J.pr.  Chem.  Qd>,  61.—  Further,  N.  Ann.  Chim.  Phys.  64,  311. 

Explosive  Starch,  XylQ'idin.  Pyroxam,  Amidon  mononitre,  Fecule  niirique, 
Fecule  mononitrique. 

Discovered  and  named  by  Braconnot  in  1833;  examined  by  Pelouze  and  more 
recently  by  B6champ. 

Formation.  1.  By  the  action  of  strong"  nitric  acid  of  sp.  gr.  1*52 
(or  of  red  fuming  nitric  acid :  Liebig,  Gladstone),  on  starch  in  the  cold 
(Braconnot,  Pelouze).  Starch  is  likewise  converted  into  nitramidin  by  nitric  acid 
of  sp.  gr.  1 '4 14,  but  not  by  weaker  acid.  (Gladstone.)  — Bechamp  has  shown 
that  there  are  two  modifications  of  nitramidin,  one  insoluble  or  nearly 
so  in  ether-alcohol,  acetone  and  wood-spirit ;  the  other  (isonitramidin) 
soluble  in  those  re-agents.  The  production  of  one  or  the  other  of 
these  modifications  depends  chiefly  on  the  temperature,  nitramidin 
being  produced  when  the  Hquid  is  kept  cool ;  isonitramidin  when  the 
temperature  is  allowed  to  rise.  If  the  product  is  left  too  long  in 
contact  with  the  acid,  it  is  destroyed  and  converted  into  an  acid,  probably 
saccharic  acid.  This  effect  had  been  observed  by  Pelouze,  who  attributed  it  to 
the  presence  of  an  excess  of  nitric  acid  ;  but  according  to  Bechamp,  an  excess  of  acid 
has  no  influence  on  the  result,  unless  the  starch  is  very  dry,  and  the  acid  very  highly 

concentrated,  in  which  case  a  certain  quantity  of  binitramidin  is  produced 2.     By 

the  action  of  strong  nitric  acid  on  glycogen.  (Pelouze,  Compt.  rend. 
44,  1321;  J.pr.  Chem.  73,  249.) 

A  product  agreeing  in  composition  and  properties  with  nitramidin 
is  formed  when  wood- shavings,  linen,  or  cotton  is  heated  with  strong 
nitric  acid.  (Braconnot,  Pay  en.)  Strong  nitric  acid  of  sp.  gr.  1*5 
dissolves  cotton  at  30°  —  35°,  forming  a  thick  transparent  gum,  from 
which  water  throws  down  nitramidin.  (Be  Vrij,  Commit,  rend.  24,  19.) 
The  identity  of  these  products  with  nitramidin  appears  doubtful.     (Kr.) 

Preparation.  Starch  is  dissolved  in  cold  concentrated  or  fuming 
nitric  acid,  the  gummy  solution  is  immediately  mixed  with  water,  and 
the  tenacious  transparent  precipitate  is  washed  with  water  and  well 
dried.  (Braconnot,  Bechamp.)  —  The  starch  should  be  quickly  and 
intimately  mixed  with  fuming  nitric  acid,  by  triturating  it  in  small 
portions  in  a  glass  mortar,  and  the  translucent  gelatinous  solution 
immediately  diluted  with  water,  v/hereby  coarse-grained  nitramidin  is 
produced.  (Ballot.)  —  ^.1  pt.  of  starch  dried  at  the  temperature  of 
the  air  (20°),  is  mixed  with  5  to  8  pts.  of  fuming  nitric  acid,  by  tritu- 
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ration  in  a  thick  porcelain  mortar  (to  avoid  rise  of  temperature),  till 
it  is  reduced  to  a  perfectly  transparent  semifluid  mass  without  any 
trace  of  granules,  and  20  to  30  pts.  of  water  are  added  at  once,  the 
trituration  being  constantly  kept  up.  The  compound  then  separates 
in  the  form  of  a  curdy  precipitate,  easily  pulverized  under  water.  It 
is  washed  with  distilled  water,  and  dried  at  the  temperature  of  the  air  or 
in  a  hot-air  chamber.     (Bechamp.) 

To  purify  this  product,  it  is  dissolved  in  a  cold  mixture  of  10  pts. 
glacial  acetic  acid  and  1  pt.  bihydrated  acetic  acid  [C^H^0S2H0;  sp. 
gr.  1-073];  the  solution  is  filtered,  distilled  water  gradually  added,  the 
viscous  mass  which  falls  to  the  bottom  is  separated  from  the  super- 
natant liquid  by  decantation,  and  a  larger  quantity  of  water  is  added ; 
a  pulverulent  precipitate  is  then  formed,  which  must  be  collected  on  a 
filter,  washed  and  dried.     (Bechamp.)  % 

Properties.  White  powder.  Coarse-grained  (Ballot)  ;  sandy,  con- 
sisting of  tough  opaline  vesicles  (Reinsch,  N.  Repert.  3,  181).  Taste- 
less. (Braconnot,  Liebig.)  Has  a  scarcely  perceptible  bitter  taste. 
(Reinsch.)  Neutral.  (Braconnot.)  Poisonous.  (Baker  Edwards,  Chem. 
Centr.  1849,  48.)  Rotatory  power  of  nitramidin  [a]  =  155-96°  to  the 
right. 

Calculation  according  to  Bechamp.      Gladstone.      Bouijs-           Petten- 

Laurent  and  Bechamp.  Ballot.            kofer. 

mean.  mean. 

12  C    72     ....     34-78  ....     34-53     ....     30,97     ....     37'02  ....     3G-76 

N    14     ....       6-76  5-53  ....       5-65 

9  H    9     ....       4-34  ....                            4-35     ....       4-82  ....       479 

14  O    112     ....     54-12  52-63  ....     52-80 

Ci2NH90'^  ....  207     ....  100-00  100-00     ....  100-00 

According  to  Pelouze  and  others,  it  is  Ci2NH90i4  or  CiSH^O^NOs ;  according  to 
Laurent  {N.  Ann.  Chim.  Phys.  19,  374)  it  is  C^^XRi^O""  or  C^^X^U^^O"^.  Ballot  con- 
cludes, from  its  reaction  with  alkalis  {vid.  ii\f.),  that  it  is  a  mixture  of  two  different 
substances. 

T[  B6champ  has  shown  {N.  Ann.  Chim.  Phys.  64,  316)  that  the  product  formed 
by  the  action  of  nitric  acid  on  starch  has,  for  the  most  part,  the  composition 
Cizj^'j^gQi^  or  C"''N2H^S028,  but  that  when  the  starch  is  very  dry  and  a  large  excess  of 
acid  is  used,  a  certain  quantity  of  binitramidin  may  likewise  be  formed  :  a.  5  grammes 
of  starch  dried  at  20°  (corresponding  to  4-5  grm.  dried  at  100°)  triturated  with  20  grm. 
of  nitric  acid  (obtained  by  distilling  1  at.  of  dry  nitrate  of  potash  with  rather  more  than. 
2  at.  strong  sulphuric  acid)  yielded  a  product  weighing  5-76  grms. — b.  5  grms.  of  the 
same  starch,  triturated  with  50  grms.  of  the  same  nitric  acid,  yielded  5*95  grms.  of 
product  dried  in  vacuo. — c.  5  grms.  starch,  dried  fit  100°  and  40  grms,  nitric  acid  yielded 
5*78  grms.  product  dried  in  vacuo. — d.  5  grms.  starch,  dried  at  20°  and  60  grms.  nitric 
acid  yielded  5'7  grms,  product  dried  in  vacuo. — e.  5  grms,  starch,  dried  at  100°,  and 
60  grms.  nitric  acid  yielded  7*24  grms,  product  dried  in  vacuo, — The  experiments 
a,  b,  c,  d,  give,  as  a  mean  result,  125-7  pts.  of  nitramidin  for  100  pts,  of  starch, 
CiSHiOQio  or  C^m"^0^.  The  quantity  calculated  from  the  formula  Ci^NH^Qio  or 
(;;24]sj2jji8o20  ig  127-8, — In  the  last  experiment,  e,  the  increase  of  weight  is  much  more 
considerable,  probably  in  consequence  of  the  formation  of  a  more  highly  nitrated  com- 
pound, 

Bechamp  regards  nitramidin  and  the  three  compounds  next  to  be  described,  as  nitrates 
corresponding  in  constitution  to  the  nitric  ethers  (assigning  to  nitramidin,  for  example, 
the  formula  C^"^H^O^,NO^),  and  not  as  products  analogous  to  nitrobenzene,  &c, : 
1.  Because,  when  heated  with  reducing  agents — ferrous-acetate,  for  example, — they 
yield,  not  amidated  products,  in  which  NO"*  is  replaced  by  NH^  [e.g.  aniline  C^'-H^(N'H') 
from  nitrobenzene  C^"^H^(NO'*)],  but  soluble  starch  (p,  102),  a  compound  free  from  nitro- 
gen ;  just  as  the  nitric  ethers,  when  treated  in  like  manner,  reproduce  the  correspond- 
ing alcohols. — 2.  Because,  when  they  are  dissolved  in  strong  sulphuric  acid  and  the 
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solution  is  diluted  with  water  and  distilled,  aqueous  nitric  acid  passes  over,  not  accom- 
panied by  red  vapours. —  3.  Because  the  optical  rotatory  powers  of  these  compounds, 
as  determined  by  observation,  are  nearly  the  same  as  those  which  calculation  would 
assign  to  mixtures  of  an  active  molecule  of  hypothetically  anhydrous  starch  C^^H^O^, 
with  the  inactive  molecules  HO,NO^  in  nitramidin  and  2N0'  in  binitramidin.  [For 
the  details  of  these  calculations  see  the  original  memoir  {N.  Ann.  Chim,  Phys,  64, 
341.)].     H. 

Decompositions.  1.  Spontaneous  decomposition.  Nitramidin,  after 
being  kept  for  six  years,  suddenly  began  to  give  off  gases,  including 
hydrocyanic  acid,  and  after  a  few  weeks  left  a  small  quantity  of  a 
turbid  liquid.  (Gladstone.)  According  to  Bechamp,  it  may  be  kept  without 
alteration  for  an  indefinite  time.  —  2.  Nitramidin  detonates  slightly  when 
heated  (Braconnot),  giving  off  a  small  quantity  of  nitrous  acid 
(Liebig),  not  by  pressure  or  percussion  (Pelouze).  When  heated  on 
paper,  it  does  not  melt,  but  becomes  carbonised,  without  setting  fire 
to  the  paper.  (Braconnot.)  It  takes  fire  at  180°  (Pelouze),  at  182° 
(Gladstone). 

According  to  Bechamp's  earlier  experiments,  it  takes  fire  between 
180°  and  190°,  leaving  a  large  quantity  of  charcoal;  according  to  his 
later  experiments,  it  begins  to  give  off  red  vapours  at  198°, 
when  heated  in  a  test-tube,  and  deflagrates  slowly  between  198°  and 
200°,  leaving  a  black  residue,  without  leaving  any  charcoal.  (Pelouze.) 
— Nitramidin  subjected  to  dry  distillation  gives  off  a  yellow  distillate 
containing  acetic  acid,  leaving  charcoal  amounting  to  \  of  its  weight. 
(Braconnot,  Pelouze.) 

3.  Nitramidin  is  dissolved  by  nitric  acid  of  sp.  gr.  1*25,  or  higher. 
The  solution  in  nitric  acid  of  sp.  gr.  1*414  acquires  a  yellowish  red  colour,  and 
after  some  days  no  longer  deposits  xyloidin  on  addition  of  water,  but  contains  an 
acid  similar  to  saccharic  acid  (xi.  513),  which  is  likewise  formed  on  boiling  starch 
with  strong  nitric  acid,  and  is  easily  transformed  by  heat  into  a  black  acid,  which, 
when  boiled  with  nitric  acid,  is  converted  into  oxalic  acid,  without  evolution  of 
carbonic  acid.  (Pelouze,  Payen.)  —  Nitramidin  dissolved  in  fuming  nitric 
acid  separates  as  pyroxyhn,  on  mixing  the  solution  with  an  equal 
volume  of  oil  of  vitriol.  (Cottereau,  Compt.  rend.  24,  305.)  IFrom 
Bechamp's  experiments,  it  appears  probable  that  the  product  thus  obtained  is  not 
pyroxylin  but  binitramidin  (p  110)  i.  With  oil  of  vitriol^  nitramidin  forms 
a  colourless  solution,  from  which  it  is  not  precipitated  by  water 
(Braconnot) ;  this  solution  easily  and  quickly  decolorises  solution  of 
indigo,  and  gives  off  nitrous  gas  when  treated  with  copper.  (Liebig.) 
—  5.  Nitramidin  treated  with  a  warm  aqueous  solution  oi  protochloride 
of  iron,  gives  off  nitrous  gas,  and  is  converted  into  soluble  starch. 
(Bechamp.) 

Ci'NH90i4  +  6FeCl  +  HO  =  Fe^O^  +  2Fe-Cl3  +  NO2  +  Q,^^B}^0'\ 

In  contact  with  ferrous  sulphate,  it  exhibits  the  coloration  character- 
istic of  nitrates.     (Cottereau,  Compt.  rend.  23,  1157.) 

6.  Nitramidin  is  not  dissolved  by  aqueous  alkalis  (Pelouze,  Be- 
champ) ;  becomes  translucent  and  glutinous  when  immersed  therein. 

(Braconnot.)  —  According  to  Ballot,  it  dissolves  partially.  The  portion  soluble  in 
weak  aqueous  alkalis  (not  in  ammonia)  contains,  after  precipitation  with  acetic  acid 
and  washing  of  the  flocculimt  precipitate  with  the  same  acid,  38*01  p.  c.  C.  and  4*94  H. 
(C^-H^NO'2);  the  insoluble  portion  which  sinks  to  the  bottom,  and,  after  careful 
washing,  appears  white  and  pulverulent,  contains  36*94  p  c.  C.  and  4*51  H.  (C^-H^NO^^), 
— Nitramidin  after  thorough  washing  with  alcohol,  and  then  with  weak  aqueous  potash, 
contains  37*32  p.  c.  C.  and  5*17  H.     (Ballot.) 
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Combinations.  Nitramidin  is  insoluble  in  ivate7\  (Braconnot, 
Pelouze.)  It  softens  in  boiling  water.  (Braconnot.)  It  decolorises  alcoholic 
tincture  of  iodine,  forming-  a  yellow  compound.     (Braconnot.) 

It  dissolves  in  strong  hydrochloric  acid,  especially  when  heated 
(Braconnot,  Gladstone),  with  rapid  decomposition  (Bechamp).  It  is 
nearly  insoluble  in  pure  glacial  acetic  acid,  but  dissolves  easily  in  that 
acid  mixed  with  -^-^  of  the  bihydrated  acid,  C*H*0*,2II0.  (Bechamp, 
N,  Ann.  Chim.  Phys.  64,  320.)  When  moderately  heated  with  glacial  acetic 
acid,  it  dissolves  to  a  thick  mucus,  which  coagulates  on  addition  of  water,  and  leaves  a 
colourless  varnish  when  evaporated  (Braconnot).  Xyloidin  prepared  from  cotton 
separates,  when  precipitated  from  its  solution  in  acetic  acid,  as  a  coagulated  mass  ; 
that  prepared  from  starch  separates  in  the  form  of  a  powder.     (De  Vrij.) 

Nitramidin  is  msoluble  in  aqueous  ammonia.     (Braconnot,  Ballot.) 

It  does  not  dissolve  in  alcohol,  ether  (Braconnot,  Bechamp),  or 
ether-alcohol  (Bechamp).  With  anhydrous  ether  it  forms  a  jelly  which 
dries  up  on  evaporation  to  a  white  opaque  film.  (Schonbein  ;  Bottger, 
Pogg.  70,  820.)  —  Xyloi'din  prepared  with  nitric  acid  dissolves  in  ether;  that  which 
is  prepared  with  a  mixture  of  nitric  and  sulphuric  acid,  dissolves  in  ether-alcohol. 
(Flores  Domonte  &  Menard,  Compt.  rend.  23,  86).  Nitramidin  is  insoluble  in 
chloroform,  acetic  ether  and  benzene,  slightly  soluble  in  wood-spirit.  In 
acetone  it  appears  to  soften,  but  does  not  dissolve.     (Bechamp.) 


f  4.  Isonitramidin. 

Bechamp.     N.  Ann.  Chim.  Phys.  64,  320. 

Fecule  mononitrique  soluble,  Fecule  isomomonitrique 

Formation  and  Preparation.  The  same  as  for  nitramidin  (Bechamp), 
excepting  that  the  nitric  acid  must  be  present  in  greater  excess,  and 
the  temperature  allowed  to  rise.  Starch  triturated  with  10  or  12 
times  its  weight  of  fuming  nitric  acid  in  a  rather  thick  glass  vessel,  so 
that  the  heat  developed  by  the  reaction  rilay  not  be  too  quickly  dissi- 
pated, is  converted  in  six  or  eight  minutes  into  a  yellow,  shghtly 
viscid,  perfectly  transparent  liquid,  which,  when  poured  into  30  times 
its  volume  of  water,  yields  a  precipitate  less  curdy  and  more  pulveru- 
lent than  nitramidin  precipitated  in  like  manner.  It  is  purified  by 
dissolving  it  in  ether-alcohol,  filtering,  and  leaving  the  ether  to  evapo- 
rate. It  is  then  deposited  as  a  pulverulent  mass,  which  may  be  dried  in 
a  hot-air  chamber. 

Properties.  White  powder.  Rotatory  power  (determined  on  the 
acetic  acid  solution),  [a]  =  156*96°  to  the  right. 

Bechamp. 

12  C  72     ....     3478     35-46 

N 14     ....       6-76     6-71 

9  H  9     ....       4-34     4-44 

14  O  112     ....     54-12     53-39 


Ci-NH90^'«      ....  207     ....  100-00     100-00 

Respecting  the  rational  constitution,  seepage  107. 
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Decompositions.     At   ordinary   temperatures   it  may  be  preserved 

indefinitely  without  alteration.  A  sample  prepared  in  1854  has  been  preserved 
unaltered  up  to  the  present  time  (summer  of  1859),  in  the   climate  of  Montpellier. 

Heated  in  a  tube,  it  begins  to  give  off  red  vapours  at  170'',  and 
deflagrates  at  about  172°,  leaving  a  small  quantity  of  white  matter. 
By  protochloride  of  iron,  it  is  decomposed  in  the  same  manner  as 
nitramidin,  yielding  soluble  starch,     (p.  108.) 

Combinations.  Insoluble  in  ivater.  More  soluble  than  the  preceding 
in  glacial  acetic  acid.  In  alcohol  of  95  per  cent.,  and  in  ether  it  does  not 
dissolve,  but  merely  softens ;  but  in  a  mixture  of  ether  and  alcohol  con- 
taining excess  of  the  former  it  dissolves  with  great  facility.  Slightly 
soluble  in  nearly/  absolute  alcohol ;  insoluble  in  chloroform ;  easily  soluble 
in  acetone,  acetic  ether,  and  methylic  alcohol.  The  solubility  of  the  compound  in 
certain  menstrua  appears  to  vary  with  the  temperature  at  which  it  is  prepared ;  the 
product  to  which  the  preceding  statements  apply  was  prepared  at  20°  ;  but  another  pro- 
duct prepared  at  34°  with  1  pt.  of  starch  dried  at  that  temperature  and  10  pts.  of 
fuming  nitric  acid,  dissolved  easily  in  alcohol  of  95  per  cent. 


^  5.  Binitramidin. 

(;i2>^T2jpQl8    _    Cl^X^IPO^"? 

Beciiamp.     i\^.  Ann.  Chim.  Phys.  64,  322. 

Dinitramidin,  Nitroxyloidirij  Fecule  dinitrique. 

Formation.  1.  By  the  action  of  oil  of  vitriol  on  the  mononitrated 
compounds  isobinitramidin  being  formed  at  the  same  time. —  2.  Occa- 
sionally together  with  nitramidin,  by  treating  dry  starch  with  excess 
of  nitric  acid  (see  experiment  e.  p.  107). 

Preparation.  1  pt.  of  starch  dried  at  20°  is  dissolved  in  12  pts.  of 
fuming  nitric  acid,  and  the  solution,  filtered  if  necessary  through 
pounded  glass,  is  placed  in  a  freezing  mixture  and  quickly  mixed  with 
8  pts.  oil  of  vitriol,  whereupon  the  mixture  soon  becomes  turbid  and 
deposits  a  soft  white,  very  bulky  mass  The  whole  is  then  quickly 
poured  into  a  large  quantity  of  cold  water,  care  being  taken  to  divide 
the  solid  mass  and  mix  it  up  well,  so  as  to  avoid  any  great  rise  of  tem- 
perature in  particular  parts.  The  product,  which  is  a  white  powder 
resembling  nitramidin,  but  more  finely  divided,  is  freed  from  sulphuric 
acid  by  washing  with  a  large  quantity  of  water,  then  dried  in  the  hot- 
air  chamber. 

The  product  is  chiefly  a  mixture  of  binitramidin  and  isobinitramidin 
mixed,  however,  with  small  quantities  of  the  mononitrated  compounds. 
—  Two  experiments  gave  147  and  150  pts.  of  dried  product  from   100  pts.  of  starch; 

according  to  the  formula  C^-N-H^O^^  it  should  be  155*0 To  separate   the   twO 

binitrated  compounds,  the  dried  powder  is  treated  with  alcohol  of  96 
p.  c.  first  in  the  cold,  then  at  40°,  which  dissolves  the  isobinitramidin 
and  leaves  the  binitramidin.     The  latter,  after  washing  with  alcohol,  is 
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dissolved  in  ether  containing  alcohol,  and  the  filtered  solution  is  eva- 
porated, either  in  the  open  air,  or  in  an  air-bath  heated  to  25°  or  30°. 
Properties.     White  mass  easily  pulverized. 

Bechamp. 
12  C 72     ....     28*57     ....     277       29-6 

2N 28     ....     17-11 

8H 8     ....       3-17     ....     3-47 

18  0 144     ....     5115 

C12N2H8018  252     ....  100-00 

According  to  Bechamp,  the  rational  formula  is  C^2H80^,2NO^. 

Decompositions^  1.  Binitramidin  is  much  more  disposed  to  spon- 
taneous decomposition  than  mononitramidin,  giving  off  red  fumes  a 
few  days  after  its  preparation. —  2.  When  heated  in  a  test-tube,  it 
begins  to  give  off  red  vapours  at  175°,  emits  them  in  abundance  be- 
tween 175°  and  178",  and  deflagrates  rapidly  with  a  hissing  noise  at 
the  last-mentioned  temperature,  leaving  only  a  small  quantity  of  white 
matter. —  3.  Mixed  with  pounded  glass  and  subjected  to  drij  distillation 
in  a  combustion-tube  connected  with  a  cooled  U-tube,  it  gives  off :  a. 
A  gaseous  mixture  containing  at  different  stages  of  the  distillation 
from  61  to  42  p.  c.  nitric  oxide,  from  11  to  23  p.  c.  carbonic  acid,  from 
29  to  27  p.  c.  carbonic  oxide,  a  small  quantity  of  nitrogen,  and  at  the 
commencement  of  the  distillation  hydrocyanic  acid,  the  disengagement 
of  which  however  ceases  at  an  early  stage ;  -—  h.  An  acid  liquid, 
which  has  a  disagreeable  odour  of  tobacco -smoke,  and  quickly  reduces 
nitrate  of  silver,  especially  with  the  aid  of  heat;  — c.  Charcoal,  which 
forms  a  shining  deposit  on  the  inner  surface  of  the  tube. — 4. 
Binitramidin  is  reduced  by  ferrous  salts  in  the  same  manner  as 
nitramidin,  yielding  soluble  starch  : 

C12N2H8018  +  i2FeCl  +  2H0  =  2Fe203  +  4Fe2CP  +  2N02  +  Ci^HioO^o 

Combinations.  Insoluble  in  water,  and  in  alcohol,  but  soluble  in  pure 
ether  and  in  alcoholised  ether.  Soluble  in  glacial  acetic  acid,  but  insoluble 
in  a  mixture  of  the  glacial  acid  and  the  bihydrated  acid,  being  in  this 
respect  exactly  opposite  to  monitramidin  (p.  109).  Soluble  in  acetone, 
acetic-ether,  and  wood-spirit :  insoluble  in  chloroform,  hydrosulphuric  ether, 
and  methylic  alcohol. 


IT  6.  Isobinitramidin. 

Bechajip.     N.  Ann.  Chim.  Phys.  64,  322. 

laodinitramidin,  Fecule  isodinitrique. 

This  compound  is  produced,  together  with  binitramidin,  by  thd 
process  described  at  page  110,  and  is  separated  from  the  latter  by  alco- 
hol of  96  p.  c.  which  dissolves  it.  On  mixing  the  alcoholic  filtrate 
with  water,  the  compound  separates  as  a  very  fine  white  powder, 
which  agglomerates  during  desiccation,  and  then  becomes  strongly 
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electric  by  trituration.     If  the  alcohol  be  evaporated  by  heat,  the  iso- 
binitramidin  separates  in  transparent  laminas. 
Kotator}'- power,     [a]  =  131*5°. 


12  C  

72     . 

..     28-57     .. 
..     11-11     .. 
..       3-17     .. 
..     57-15     .. 

Becliamp. 
30-40 

2  N 

8  H 

18  O  

28     .. 

8     .. 

144     .. 

10-72 

.....       3-25 
55-63 

C12N2H8018    ....  252     ....  100-00     lOO'OO 

C12H80^2N05  according  to  Bechamp  (p.  108). 

Decompositions.  1.  Isobinitramidin  is  even  more  subject  than  bini- 
tramidin to  spontaneous  decomposition.  —  2.  Heated  in  a  test-tube,  it 
begins  to  give  off  red  fumes  at  170°,  and  deflagrates  like  the  preceding 
compounds  at  172°,  leaving  only  a  small  quantity  of  white  matter. 
—  3.  B}^  protochloride  of  iron^  it  is  reduced  Uke  the  preceding  com- 
pounds, yielding  soluble  starch. 

Combinations.  Insoluble  in  water ^  soluble  in  alcoliol  of  96  p.  c. ; 
dissolves  with  difficulty  in  ether,  but  easily  in  a  mixture  of  ether  and 
alcohol.  With  acetic  acid,  acetone,  acetic  ether,  chloroform,  methylic 
alcohol,  amylic  alcohol,  and  hydrosulphuric  ether',  it  behaves  like  bini- 
tramidin.    (Bechamp)  ^. 


Inulin. 

CiajIioQio  or  C2*H2°02«. 

Valentin  Rose  (1804).    A.  Gehl.  3,  217. 

John.     Chemische  Schriften,  4,  73. 

Gaultier  de  Claubry.     Ann.  Chim.  94,  200. 

Payen.     J.  Pharm.  9,  2S^.—Ann.  Chim.  Phys.  26,  102  ;  Repert.  18,  53  ; 

Ann.  Sc.  nat.  Bot.  1840,  91. 
Stratingh.     Repert.  21,  418. 

Mulder.     Ann.  Pharm.  28,  278 ;  J.pr.  Chem.  15,  299. 
Parnell.     Ed.  Mag.  J.   17,  126;  Ann.  Pharm.  39,  213;  J.pr.  Chem. 

26,  140. 
Croockwit.     Ann.  Pharm.  45,  184;  abstr.  J.pr.  Chem.  28,  316. 
WosKRESENSKY.     Petcrsl.  Acad.  Bull.  5,  No.  3  ;  J.  pr.  Chem.  37,  309. 
BoucHARDAT.     Compt.  rend.  25,  274 ;  abstr.  Pharm.  Centr.  1847,  782.. 
Th.  Anderson.     N.  Ed.  Phil.  J.  7,  136 ;  J.  pr.  Chem.  47,  449. 
Thibault.     N.  J.  Pharm.  25,  205  ;  J.  pr.  Chem.  62,  253  ;  Pharm.  Centr. 

1854,  336. 
DuBRUNFAUT.     Gompt.   rend.  42,    803 ;    J.  pr.    Chem.    69,   208 ;    Inst. 

1856,  174. 

Helenin  (John) ;  Alantin,  Menyanthin  (TrommsdorfF) ;  Dahlin  (Payen) ;  Syrian^ 
therin  Sinisirin  (Marquart,  Ann.  Pharm.  10,  92.) — Braconnot' s  Datiscin  yvas  formerly 
erroneously  regarded  as  inulin. —  Discovered  by  Yal.  Rose  in  1804. 

Sources.      According  to    Mulder  and  Woskresensky,  inulin  is  a 
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universally  distributed  constituent  of  plants,  and  is  found  especially 
in  the  roots  of  Inula  Helenium  (Rose),  Angelica  Archangelica  (not  in  this 
root,  according  to  Buchholz  and  Buchner),  Anthemis  Pyrethrum  (John),  Colchicum 
autumnale  (Pelletier  &  Caventou),  Leontodon  taraxacum  (Mulder,  Iler- 
berger,  Repert.  52,  399  ;  Frickinger,  Repert.  73,  45),  Cichorium  intyhus 
(Woskresensky) ;  in  the  tubers  of  Dahlia  pinnata  (not  in  spring,  according  to 
Woskresensky),  (Payen),  TIelianthus  tuherosus  (Braconnot) ;  in  the  stalks 
of  Solanum  Dulcamara,  in  spring,  not  in  autumn  (Jonas,  N.  Br.  Arch. 
42,  130):  in  the  buck-bean,  il/e??7/aw^^e5  ifnyo^za^a  (Trornmsdorff) ;  m  morel 
(a  kind  of  fungus)  Beltz ;  in  Lerp-manna  (from  Eucalyptus  dumosa)  to 
the  amount  of  13 '8  per  cent.  (Anderson.)  — Lichen  fraxineus  and  Lichen 
fastigiatus  contain,  according  to  Berzelius,  inulin,  lichenin,  or  a  substance 
of  similar  character.  —  The  seeds  of  Helianthus  annuus  contain  a  non- 
fermentable  substance,  insoluble  in  cold  water  and  in  alcohol,  which, 
after  boiling  with  dilute  acids,  reduces  copper  from  an  alkaline  solution, 
probably  inuhn. 

Preparation.  A.  From  Elecampane-roots.  —  The  roots  are  boiled 
with  a  large  quantity  of  water,  the  decoction  is  evaporated,  the 
extract  exhausted  with  cold  water,  and  the  inulin  which  remains  un- 
dissolved is  washed.  (Gaultier,  Stratingh.)  —  The  roots  are  exhausted 
with  hot  water  in  a  displacement  apparatus ;  the  concentrated 
infusion  is  evaporated  to  10°  or  12°  Bm.  and  mixed  with  2  pts.  alcohol, 
and  the  inulin  thereby  precipitated  is  purified  by  reprecipitation  with 
alcohol  from  its  concentrated  solution,  and  decolorised  with  animal  char 
coal.  (Thibault.)  —  Kohnke  {N.  Br.  Arch.  39,  289)  boils  elecampane- 
roots  (previously  exhausted  with  alcohol)  with  water ;  evaporates  the 
filtered  extract  to  \  or  \ ;  mixes  it  with  alcohol  till  it  becomes  turbid  ; 
collects  the  pale  yellow  inuhn  which  separates  after  several  days ; 
and  purifies  it  by  dissolving  it  in  hot  water,  and  washing  the  inulin 
which  separates  on  cooling  with  warm  alcohol.  —  The  helenin  mixed 
with  inulin  prepared  from  elecampane-roots  is  extracted  by  boiling 
with  alcohol.     (Croockwit.) 

B.  From  Potatoes  or  Dahlia-tubers.  —  1.  The  pulverulent  deposit 
which  separates  in  the  cold  from  the  expressed  juice  of  potatoes  is  dis- 
solved in  hot  water,  and  the  solution  is  filtered,  evaporated  and  left  to 
cool,  whereupon  it  deposits  inulin.  (Braconnot.)  —  2.  The  nearly 
transparent  juice  expressed  from  dahlia- tubers  is  left  to  stand  for  some 
hours,  whereupon  it  solidifies,  from  separation  of  inuhn,  to  a  stiff 
paste,  which  is  to  be  washed  and  dried.  (Ludwig,  N.  Br.  Arch.  82, 
163.)  —  3.  Dahlia-tubers  rubbed  to  a  pulp  are  washed  on  a  hair  sieve 
in  a  thin  stream  of  water,  as  long  as  the  liquid  continues  to  run 
through  milky,  and  the  inulin  which  separates  from  it  on  standing,  is 
collected — or  in  case  it  is  slow  in  settling  down,  the  turbid  liquid  is 
heated  till  it  boils;  the  coagulated  vegetable  albumin  is  skimmed 
off ;  and  the  remaining  liquid  is  left  to  cool ;  it  then,  after  a  few  days, 
deposits  a  thick  pulp  easy  to  wash.  (Liebig,  Ann.  Pharm.  2,  235.)  — 
Roots  of  Dahlia  pinnata  treated  in  this  manner  do  not  yield  any  inulin  ;  but  this  sub- 
stance settles  down  as  a  white  powder  when  the  aqueous  extract  of  the  fresh  tubers, 
cut  in  slices,  dried  and  pulverized,  is  evaporated,  and  the  extract  diluted  with  water. 
iWittstein,  Repert.  71,  362.)  — 4.  Dahlia- tubers  rubbed  to  a  pulp  are 
washed  with  cold  water  on  a  hnen  or  woollen  cloth ;  the  residue  is 
boiled  for  half-an-hour  with  2  pts.  water  and  a  small  quantity  of  chalk; 

VOL.  XA'.  I 
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the  liquid  is  expressed,  tlic  extract,  after  being  decolorised  with 
aninial  charcoal  and  clarified  with  albumin,  is  evaporated  till  a  film 
forms  on  it,  and  the  inulin  which  separates  on  cooling  is  waslied 
with  cold  water,  and  purified  by  solution  in  hot  water  and  cooling. 
(Payen.) 

Parnell  uses  peeled  and  washed  dahlia-tubers ;  boils  them  for  an 
hour  and  a-half  with  5  pts.  of  water,  and  purifies  the  inulin  which 
separates  from  the  evaporated  extract,  by  precipitating  its  aqueous 
solution  with  alcohol.  Croockwit  purifies  the  inulin  thus  obtained  by 
boiling  it  with  alcohol. 

The  inulin  contained  in  dahlia-tubers,  and  separable  without  alteration  by  Liebig's 
method,  is  called  by  Marquart  (Ann.  Pharm.  10,  92),  Synantherin ;  while  that  which 
is  extracted  fi'om  the  same  source  by  hot  water,  he  calls  Sinistrin.  The  first  forms 
small  spherules  whose  envelopes  are  torn  by  the  action  of  hot  water,  their  contents,  the 
sinistrin,  then  escaping  while  the  envelopes  remain.  Inulin  separated  by  cold  water  is 
therefore  synantherin,  as  it  occurs  in  nature ;  but  that  which  is  obtained  with  hot  water 
is  altered  synantherin,  or  sinistrin. 

0.  From  Dandelion-roots.  —  Obtained  in  the  same  way  as  from 
dahlia-tubers.  (Wittstein,  Bepert,  71,  362 ;  Herberger,  Repert. 
52,  399.) 

D.  From  Chicory -roots.  —  The  aqueous  decoction  is  precipitated  by 
neutral  acetate  of  lead  ;  the  filtrate  freed  from  lead  is  evaporated  till 
a  film  forms  on  the  surface ;  and  the  inulin  which  separates  from  it  is 
purified  by  precipitating  its  aqueous  solution  with  alcohol.  (VVosk- 
resensky.) 

E.  From  Lerp-manna.  —  The  substance  is  exhausted  with  boiUng 
alcohol ;  the  residue  consisting  of  starch,  cellulose  and  inulin  is  well 
boiled  with  water,  and  the  inulin,  which  separates  from  the  filtered 
extract  on  cooling,  is  collected  and  w^ashed  till  the  wash-water  no 
longer  exhibits  the  reactions  of  starch.    (Anderson.) 

Properties.  Soft,  white  powder,  resembhng  starch  (Woskresensky, 
Dubrunfaut),  consisting  of  microscropic  granules  similar  in  form  to 
starch-granules,  but  only  \  of  the  size.  (Baumann.)  When  dried  on 
glass  or  porcelain,  it  forms  a  translucent,  brittle,  dazzling  white  mass, 
which  swells  up  in  w^ater.  (Liebig.)  Very  friable.  (Parnell.) 
Horny ;  but  dull  white  if  alcohol  has  been  added  to  it  before  drying 
(Payen)  ;  gummy  (Parnell,  Dubrunfaut).  Marquart's  synantherin  is  a  liglit 
brown,  translucent,  horny  mass;  his  sinistrin  a  white,  almost  transparent,  horny 
mass— sp.  gr.  1*356  (Payen);  1'462  (Dubrunfaut).  —  Sticks  to  the 
teeth  and  to  moist  paper. — Very  hygroscopic.  (Dubrunfaut.)  — 
Tasteless.  (Parnell.)  Inodorous.  — Rotatory  power  =  31°  42'  to  the 
left.     (Dubrunfaut.) 

Payen.  Mulder.  Parnell. 

at  150°  '     at  170«       at  120"       at  120'     air-dried. 
abode 

24  C  144  ....     44-44  ....     44-55  ....     44'19  ....     44-13  ....     43-80  ....     43-37 

20  H 20....       6-17....       6'12  ....       6-17....       6.19....       6-20....       0-40 

20  O 160  ....     49-39  ....     49-33  ....     49-64  ....     49-68  ....     50-00  ....     50-23 


f 


C2^H20O-».  224  ..,.  100-00  ....  100-00  ....  100-00  ....  10000  ....  100-00  ....  10000 
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Croockwit. 

Woskresensky. 

Anderson. 

Dubrunfauf. 

at  120°— 160* 

at  100°— 120° 

at  150° 

at  100° 

/                 9 

h                   i 

k 

/ 

c .... 

...     43-37  ....     43-48  .. 

..     52-18  ....     49-59  ... 

....     44-03  ... 

....     44-32 

H... 

...       6-23  ....       6-2.5  .. 

6-86  ....       6-86  ... 

....       6-30  .... 

....       6-19 

O  .... 

...     50-40  ....     50-27  .. 

..     40-96  ....     43-55  ... 

....     49-67  .... 

....     49-49 

100-00  ....  100-00  .. 

.  100-00  ....  100-00  ... 

....  100-00  .... 

....  100-00 

a  Normal ;  b  soluble  inulin  from  Iceland  moss;  e  from  dandelion-,  d  from  elecam- 
pane-root;  e,/and^  from  dahlia-tubers;  A  from  chicory-roots ;  i  from  dandelion-roots, 
partially  oxidised  ;  Jc  from  Lerp-manna. 

Corresponds  to  the  formula  C"*W^O"'^  (Payen,  Mulder,  Dubrunfaut)  ;  QT-'^W^^O^^ 
(Parnell)  ;  C^'^H^^O^'*  (Woskresensky) ;  that  prepared  from  dahlia-tubers  corresponds 
to  the  formula  C^^H^iQ-i ;  from  elecampane  roots,  to  C^^Yi^O^.^WO  (Croockwit). 
The  composition  of  inulin  varies  with  its  origin  and  mode  of  preparation  (Croockwit), 
because  it  is  oxidised  by  the  joint  action  of  heat  and  water  (Woskresensky) ;  it  is  always 
the  same.     (Dubrunfaut.) 

Decompositions.  1.  Inulin  dried  at  100°  does  not  lose  weight  at 
180°,  but  towards  190°  it  turns  yellow,  and  melts  with  slight  loss  of 
weight  and  some  decomposition.  (Dubrunfaut.)  —  It  melts  at  a 
temperature  somewhat  above  100°  (Braconnot);  at  168°,  with 
colouring  and  loss  of  weight,  and  becomes  insoluble  in  water  and  in 
alcohol  (Payen) ;  forms  a  sweet  mass,  easily  soluble  in  water  (Bra- 
connot). —  When  fused  at  a  gentle  heat,  it  gives  off  water,  and,  after 
cooling,  forms  grey  scales,  which  may  be  rubbed  to  a  white  powder. 
(Gaultier.)  —  2.  In  the  open  fire,  it  melts  and  volatilises  in  white 
pungent  vapours  smeUing  like  burnt  sugar,  and  leaves  a  small  quantity 
of  charcoal  (only  if  it  contains  gum,  according  to  Braconnot) ;  at  a 
stronger  heat,  it  burns  with  a  light  blue  flame.  (V.  Rose.)  —  3.  By  distil- 
lation it  yields  brown  empyreumatic  acetic  acid,  but  no  free  empyreumatic 
oil.     (Rose,  Braconnot.) 

4.  When  heated  with  water  to  100°,  it  is  slowly  but  completely 
converted  into  non-crystallisable  (Dubrunfaut),  laevo-rotatory  (Bou- 
chardat),  fermentable  sugar  (Croockwit).  —  The  transformation  takes 
place  after  15  hours'  boiUng  (Croockwit) ;  after  1^  hours'  digestion  of 
inulin  with  water,  the  filtrate,  which  gives  but  a  slight  precipitate  with 
strong  alcohol,  leaves  sweet  gum  when  evaporated.  (Woskresensky). 
It  is  not  altered  hy  prolonged  boihng  with  water  (Braconnot)  ;  by  re- 
peated boiling  with  water  it  becomes  gummy  (John);  somewhat  soluble 
in  water  and  alcohol  (Payen). 

5.  By  boiling  with  7ntric  acid,  inuhn  is  converted  into  malic,  oxalic, 
and  acetic  acids,  not  into  mucic  acid.  —  Its  solution  in  fuming  nitric 
acid  is  not  precipitated  by  water.  (Croockwit.)  —  6.  By  oil  of  vitriol, 
it  is  turned  yellow,  then  brown,  and  is  ultimately  carbonised.  (Payen.) 
—  Inulin  boiled  for  12  hours  with  -^  pt.  oil  of  vitriol  and  a  large 
quantity  of  water,  yields  a  small  quantity  of  bitter-tasting  sugar 
(Gaultier),  digested  with  ^-^  oil  of  vitriol  and  a  large  quantity  of  water 
at  75°,  it  yields  uncrystallisable,  fermentable  sugar,  soluble  in  alcohol 
of  sp.  gr.  0-823,  and  sweeter  than  starch-sugar ;  with  dilute  phos- 
phoric acid,  a  still  sweeter  sugar  is  obtained ;  with  -^-^  acetic  acid,  a 
sugar  of  inferior  sweetness.     (Payen.) 

Dilute  acids  convert  inulin  into  sugar,  both  in  the  cold  and  when 
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heated  (Payen,  Braconnot,  Dubrunfaut,  Bouchardat);  tlic  trans- 
formation is  not  attended  either  with  evohition  or  with  absorption  of 
gas. 

7.  Aqueous  arsenic  acid  dissolves  inuUn  with  aid  of  heat;  after 
continued  action,  the  cooled  solution  no  longer  deposits  inuhn,  and 
leaves  on  evaporation  a  rose-coloured  mass,  which  afterwards  be- 
comes darker  and  finalty  black,  grape-sugar  being  first  formed,  then 
humic  and  formic  acids.     (Baumann,  N.  Br.  Arch.  37,  264.) 

4.  Oxide  of  lead  converts  inulin  wholly  or  partially  into  glucic  acid, 
which,  if  afterwards  exposed  to  the  air,  changes  into  apoglucic  acid. 
A  warm  aqueous  solution  of  inulin  reduces  other  salts  of  lead,  copper, 
and  silver.  If  an  ammoniacal  solution  of  lead  is  precipitated  by 
aqueous  inulin,  the  filtrate  separated  from  the  white  precipitate  de- 
posits spangles  of  lead  after  a  few  hours,  and  contains  formic  acid. 
(Croockwit.) 

9.  Inulin  is  not /enwen^aWe.  (Bouchardat.)  —  Neither  the  aqueous 
solution  nor  inulin  suspended  in  water  ferments  in  contact  with  yeast, 
or  with  tartaric  acid  and  yeast.  (Dubrunfaut.)  —  Inulin  suspended  in 
water  together  with  yeast  ferments  like  sugar,  but  much  more  slowly,  giving  off 
carbonic  acid,  alcohol,  and  a  small  quantity  of  ammonia  (Payen),  but  only  if  it  has  been 
previously  converted  into  sugar  by  the  action  of  unwashed  sour  yeast.     (Bouchardat.) 

10.  Diastase  alters  neither  the  rotatory  power  nor  the  other  pro- 
perties of  inuhn.  (Payen.)  —  Inulin  is  digested  in  the  stomach,  and 
does  not  pass,  as  inulin,  either  into  the  urine  or  into  the  faces. 
(Bouchardat.) 

Combinations.  With  Water.  —  A.  Hydrated  Inulin.  —  Gummy  inulin 
immersed  in  water  swells  up,  absorbs  water,  and  crumbles  to  dull- 
looking  granules  of  -^-^  milUmetre  diameter,  which  do  not  exhibit  the 
double  refraction  of  starch.  —  Inuhn  kept  in  moist  air  at  10°  acquires 
a  specific  gravity  of  1*361 ;  gives  off  11*25  p.  c.  water  in  dry  air  at 
10°,  and  4*75  p.  c.  more  at  100°.  (Dubrunfaut.)  —  Inulin  w^hich  has 
been  dried  in  the  hot-air  chamber  absorbs  water  and  becomes  opaque 
on  being  immersed  in  water.  (Payen.)  —  Rotatory  power  =  26*16°  to 
the  left  (Bouchardat)  ;  29*46^  (Dubrunfaut.) 

Dubrunfant. 

C24H20O20  324     ....     8572 

2  HO 18     ....       4-76     4-75 

4  HO 36     ....       9-52     11*25 


C24H2oo2o^6HO 378     ....  100*00     .. 


B.  Aqueous  Inulin.  —  Inulin  is  insoluble  in  cold  water  (Rose); 
nearly  insoluble  (Braconnot) ;  slightly  soluble  (Pamell)  ;  soluble  in  500 
pts.  water  at  0°  (Payen);  in  200  pts.  at  10°  (Dubrunfaut),  in  240  pts. 
between  12°  and  18°  (Biltz),  in  50  pts.  at  mean  temperature  (although 
vegetable  sap  contains  about  12  p.  c.  of  the  soluble  modification,  which 
changes  into  insoluble  inuhn  only  on  standing).  (Bouchardat.)  It 
dissolves  in  -i-  to  \  pt.  water  at  60°  (Gaultier),  abundantly  in  water 
at  66°  (Dubrunfaut),  easily  in  hot  water  (Pamell). 

^  A  hot  aqueous  10  per  cent,  solution  of  inulin  does  not  deposit  any 
thing  on  cooling,  but  after  standing  for  12  to  24  hours,  it  deposits  such  a 
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quantity  of  imilin,  that  from  4  to  5  p.  c.  ytill  remains  in  solution,  and  sepa- 
rates but  imperfectly  after  a  very  long  time,  probably  in  consequence 
of  a  molecular  alteration  of  the  inulin.  (Dubrunfaut.)  —  The  aqueous 
solution  of  inulin  is  transparent ;  gummy  if  it  contains  1  pt.  inulin  to 
-1-  pt.  water,  but  not  pasty  (Gaultier) ;  the  solution  of  1  pt.  inulin  in 
4  pts.  water  is  less  gummy  than  an  equally  strong  solution  of  gum- 
arabic  ;  it  may  be  filtered,  does  not  froth  when  agitated,  but  if  cooled 
deposits  nearly  all  the  inulin  in  the  crystalhne  form  after  a  few  hours 
(Rose) ;  after  48  hours  it  solidifies  to  a  white,  opaque,  curdy  mass, 
which  cannot  be  poured  out.  (Braconnot.)  A  solution  of  1  pt.  inulin 
in  17  pts.  water  at  15°  does  not  deposit  any  thing  after  48  hours. 
(Payen,  John.)  —  A  concentrated  solution  of  inulin  in  boiling  water 
deposits  transparent  inulin  on  cooling,  sometimes  in  crystalline  ag- 
gregates;  the  solution  saturated  at  175°  deposits  on  cooling  aggre- 
gates of  spherules  and  plates.  (Payen.)  —  A  concentrated  solution  of 
inulin  becomes  covered  with  a  film  on  evaporation,  and  solidifies  to 
a  granular  mass  on  cooling.     (Payen.) 

2.  With  iodine,  iimlin  obtained  from  elecampane-root  forms  a 
greenish  yellow  compound  which  in  time  loses  nearly  all  its  iodine, 
becoming  pale  yellow,  and  is  decomposed  by  boiling  water.  (Gaultier.) 
—  3.  Chlorine  does  not  precipitate  aqueous  inulin.  (Payen.)  — 
4.  Inuhn  dissolves  with  brown  colour  in  oil  of  vitriol ;  the  solution  is 
precipitated  by  ammonia,  not  by  water  or  alcohol.  (Gaultier.) —  5.  It 
is  not  soluble  in  hydrochloric  acid  (Gaultier)  ;  dissolves  in  dilute  hydro- 
chloric acid  (Biltz).  For  the  decomposition  of  inulin  by  dilute  and  concentrated 
acids,  see  page  115. 

With  Bases. —  Inulin  absorbs  3'29  p.  c.  ammonia.  (Mulder.)  —  It 
dissolves  in  cold  aqueous  potash,  forming  a  colourless  solution  which 
leaves,  on  evaporation,  a  nearly  colourless  gum,  and  when  mixed  with 
acids  deposits  after  a  while  unaltered  inulin. 

Inulin-haryta. —  Produced  by  adding  hydrate  of  baryta  or  chloride 
of  barium  mixed  with  potash  to  an  aqueous  solution  of  inulin.  White 
cm-dy  flocks,  which  gradually  cake  into  a  soft  viscid  mass.  The  warm 
aqueous  solution,  when  left  to  evaporate,  becomes  covered  with  yel- 
low crystalhne  fibres.  By  repeated  solution  in  water  and  evaporation 
of  the  solution,  the  compound  deposits  carbonate  of  baryta  and  becomes 
soluble  in  cold  water.  (Payen.)  —  Inulin-baryta  dissolves  easily  in 
nitric,  with  difficulty  in  hydrochloric  acid  (Gaultier) ;  also  in  glacial 
acetic  acid,  and  in  excess  of  aqueous  inulin.     (Payen.) 

Aqueous-inulin  does  not  precipitate  strontia-water,  lime-water,  alumi- 
nate  of  potash,  or  silicate  ofp)otash.     (Gaultier.) 

Inulin  ivith  Lead-oxide.  —  Aqueous  inulin  added  to  aqueous  neutral 
acetate  of  lead  mixed  with  ammonia,  throws  down  a  bulky  compound 
(flocculent  according  to  Croockwit)  of  inulin  and  oxide  of  lead  (Parnell), 
which  must  be  pressed  in  air  free  from  carbonic  acid,  and  dried,  first 
over  oil  of  vitriol  and  sticks  of  potash,  then  for  some  hours  at  100° 
(Croockwit.)  —  Aqueous  inulin  does  not  precipitate  aqueous  acetate  oj 
lead  either  neutral  or  hasic  (Parnell) ;  at  the  boiUng  heat  it  dissolves 
26'7  p.  c.  lead-oxide  in  a  few  minutes,  but  is  decomposed  by  half-an- 
hour's  boihng  therewith.  (Mulder.)  —  The  compound  of  inulin  and 
lead-oxide  dried  at  mean  temperature,  is  white,  pulverulent,  partially 
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deliquescent  at  100°,  and  varies  in  composition  even  when  prepared 
under  similar  circumstances  (Parnell),  because,  by  the  action  of  the 
base,  the  inuhn  is  partly  converted  into  sugar,  and  the  sugar 
into  glucic  acid.  (Lowig,  Org.  Verb.  1,  363.)  Inulin  from  dahha- 
tubers  and  inuhn  from  elecampane-roots  form  different  compounds  with 
oxide  of  lead ;  and  even  with  the  same  kind  of  inulin,  different  com- 
pounds, enclosing  various  quantities  of  glucate  of  lead,  are  obtained, 
according  to  the  quantities  of  ammonia  and  acetate  of  lead  added. 
(Orookwit.) 


Parnell. 

Croo 
b 
from  Elecam- 
pane-roots. 

ckwit. 

Caleulat 

ion,  according  to 
Parnell. 

from  Dahlia- 
tubers, 
at  100° 

from  Dahlia- 
tubers. 

24  C  ... 

....  144-0     ....     22-46 

....     22-46     . 
....       2-94     . 
....     23-37     . 
....     51-23     . 

21-52     . 

2-85 

22-56     . 

53-07 

25-20 

18  H ... 

....     18-0     ....       2-79 

3-32 

18  0 

....  144-0     ....     22-46 

27-56 

3  PbO 

335-4     ....     52-29 

43-92 

C24Hi8oi8,3PbO 

....  641-4     ....  10000 

....  100-00     . 

100-00 

100-00 

ParneU. 

Croockwit. 

I 


d  e  f 

from  Dahlia-  from  Elecam-  from  Dahlia- 
tubers,  pane-roots.  tubers, 
at  100" 


24  C 

21  H    

....  144     . 
....     21     . 

..     16-14     . 
..       2-35     . 

..     18-83     . 
..     62-68     . 

...     16-65     ... 
...       2-44     ... 
..     18-48     ... 
..     62-43     ... 

....     19-13     ... 
....       2-39     ... 
....     20-61     ... 
....     57-87     ... 

....     17-38 
....       2-16 

21  0    

5  PbO 

....  168     . 
....  559     . 

....     18-32 
....     62-14 

C24H2l021,5PbO  .... 

....  892     . 

..   100-00 

..  100-00     ... 

....  100-00     ... 

....  100-00 

a  contains,  in  the  air-dried  state,  7  p.  c.  water,  d,  2  p.  c.  water,  which  is  given  off 
at  100°. 


Aqueous  solutions  oi  ferrous  sulphate,  ferric  sulphate,  cupric  sulphate^  mer- 
curic nitrate,  nitrate  of  silver,  and  chloride  of  gold,  are  not  precipitated  by 
aqueous  inulin.  (Payen.)  —  Inulin  is  dissolved  by  aqueous  cupr- 
ammonia,  without  previous  tumefaction  (Cramer,  J.  pr.  Chem.  73,  16); 
the  solution  yields  after  a  few  hours,  a  copious  blue  amorphous  preci- 
pitate insoluble  in  water  and  ammonia,  soluble  in  tartaric  and  nitric 
acids.  (Schlossberger,  J.  pr.  Chem.  73,  373.)  —  Inulin  dissolves  gradu- 
ally in  aqueous  nickel-ammonia.     (Schlossberger,  J.  pr.  Chem.  73,  370.) 

Inulin  dissolves  in  warm,  but  not  in  cold  glacial  acetic  acid 
(Biltz.) 

Infusion  of  galls  throws  down  from  aqueous  inulin  a  white  some- 
what elastic  precipitate  (Gaultier),  which  redissolves  below  100° 
(Pelletier  &  Caventou);  it  is  not  produced  till  after  the  lapse  of 
6  hours,  has  a  pearly  lustre,  dissolves  in  water  at  50°  (Payen),  and, 
according  to  Braconnot,  consists  of  inulin  free  from  tannin. 

Inulin  is  insoluble  in  alcohol.      (Rose.)      Inulin  from  morel  is  insoluble  in 
absolute  alcohol  and  in  ether,  but  dissolves  in  100  pts.  of  80  p.  c,  alcohol,  and  in 
smaller  quantity  of  40  p.  c.  alcohol. 
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Lichenin. 

Pkoust.     J.  Phys.  63,  81  ;  N.  Gehl  6,  502. 

Berzelius.     Schw.  7,  336. —  Scher.  Ann.  3,  288. —  Lehrhuch. 

John.     Chem.  Schriften,  6,  41. 

Guerin-Yarry.     Ann.  Cfiim.  Phys.  56,  247  ;  J.  pr.  Chem.  3,  346  ;  abstr. 

Ann.  Pharm.  13,  71. 
Mulder.    Natuur  en  Schetkundig  Archie/,  1837,  No.  4. — Bull,  cle  Neer- 

land,  1838,  41 ;  abstr.  J.  pr.   Chem.  15,  299 ;  Ann.  Pharm.  28,  279. 
Payex.     N.  Ann.  Sc.  nat.  Bot.  14,  ^f).—Inst.  206,  128,  and  145. 
Steinberg  &  Dietrich.     J.  2)r.  Chem.  25,  379. 
VoGEL.     Linncea,  15,  59  ;  abstr.  J.  pr.  Chem.  25,  382. 
Davidson.     Ed.  N.  Phil.  J.  28,  260;  J.  pr.  Chem.  20,  354. 
Knop  &  Schnedermann.      J.  pr.  Chem.  40,  389.    Ann.  Pharm.  55,  164, 

Lichen-starch,  FlechtensidrJcmehl,  Moosidrkmehl,  Lichenine  (Gugrin). —  Formerly 
classed  amongst  the  different  kinds  of  vegetable  mucus,  but  included  by  Berzelius  among 
the  starches. 

Sources. — In  lichens  and  mosses,  especially  in  Cetraria  islandica, 
C.  glauca,  Ramelina  fraxinea,  P.  fastigiata,  Ulnea  barbata,  U.  plicata 
(Berzelius)  ;  in  Parmelia  parietina,  P.  saxatilis,  Peltigera  canina,  Cladonia 
rangiferina,  C.pyxidata,Everniafitrfm^acea and  Delessereajnnjiata;  inworm- 
moss  (the  produce  of  about  12  species  of  algee)  (Schmidt,  Ann.  Pharm. 
51,  58) ;  in  Sticta  pulmonacea  and  others. — Cetraria  islandica  contains 
inulin  and  starch  as  well  as  lichenin,  the  starch  not  occurring  in 
granules,  but  forming  an  integrant  part  of  the  cellular  membrane, 
which  consists  of  cellulose  (Payen). — Lichenin  does  not  occur  in 
isolated  granules,  like  starch,  but  as  a  smaller  mass  uniformly  dis- 
tributed amongst  the  cells  (Knop  &  Schnedermann^. — According  to 
Maschke  J.  pr  Chem.  61,  1),  it  is  formed  from  starch  by  the  action  of 
the  free  acid  in  the  Cetraria  islandica,  and  is  identical  with  his  soluble 
starch,  (pp.  82,  86.) 

Preparation.  1.  Iceland  moss  is  freed  from  the  bitter  principle  con- 
tained in  it,  by  a  process  given  below ;  it  is  then  boiled  for  two  hours 
with  9  pts.  of  water,  strained  boiling  hot,  pressed,  and  left  to  cool. 
The  jelly  which  separates  on  cooling  is  freed  from  water  by  hanging 
it  up  in  a  Ihien  cloth,  or  letting  it  he  on  blotting  paper.  (Berzehus.) 
After  this  treatment  it  is  still  black,  but  is  obtained  colourless  by 
dissolving  it  in  boiling  water  and  precipitating  the  filtrate  with  alcohol. 
(Guerin-Vany.) 

Berzelius  removes  the  bitter  matter  of  Iceland  moss  by  macerating 
lib.  of  the  lichen  for  24  hours  with  18lbs.  water  and  yV^^-  potash,  and 
repeatedly  washing  it  with  water,  without  pressure.  Payen  washes  suc- 
cessively with  ether,  alcohol  of  sp.  gr.  0*83  and  0*90,  cold  water,  very 
weak  solution  of  carbonate  of  soda,  aqueous  hydrochloric  acid  of 
the  strength  of  1  per  cent.,  and  lastly,  with  pure  water. — Davidson 
macerates  112lbs.  of  Iceland  moss  for  14  days  with  potash-ley  prepared 
from  4ibs.  of  potash,  or  for  6  days  with  milk  of  lime  prepared  from  6lbs. 
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of  lime,  then  waslies  with  dilute  sulphuric  acid,  and  finally  with  water. 
Chloride  of  Hme  may  also  be  used  for  the  maceration. 

2.  A  large  quantity  of  hydrochloric  acid  is  poured  upon  Iceland 
moss,  and  the  clear  solution  obtained  after  diluting  and  straining,  is 
precipitated  with  alcohol.  The  precipitated  lichenui  may  be  freed  from 
water,  and  rendered  friable  by  repeated  treatment  with  absolute 
alcohol,  and  then  freed  from  adhering  hydrochloric  acid  by  immersion 
in  running  water.    (Knop  &  Schnedermann.) 

In  this  process,  according  to  K.  &  S.,  two  modifications  of  lichenin 
maybe  produced. — a.  If  the  mucilage  prepared  with  fuming  hydrochloric 
acid,  and  diluted,  be  mixed  with  alcohol  till  turbidity  ensues,  then  with 
a  little  more  alcohol,  so  that  part  of  the  lichenin  and  all  the  dirt  may 
be  thereby  precipitated,  then  afterwards  carefully  strained,  tlie  liquid 
if  necessary  being  poured  back, — a  clear  solution  is  obtained  from 
which  alcohol  throws  down  white  flocks.  These  flocks  dried  on  a 
hair  sieve,  yield  a  colourless  transparent  mass,  undistinguish- 
able  from  common  starch  which  has  been  boiled  and  dried  again. 
— h.  When  the  hydrochloric  acid  extract  is  immediately  precipitated 
with  alcohol,  washed  with  aqueous  alcohol,  and  boiled,  a  substance  is 
separated  by  filtration  which  is  no  longer  coloured  blue  by  iodine,  and 
exhibits  the  characters  of  Mulder's  lichenin. 

In  a  later  communication,  Knop  and  Schnedermann  make  the  follow- 
ing statement : — Lichenin  prepared  by  h  swells  up  in  water  to  a  slippery 
mass,  which  is  coloured  by  iodine.  If  it  be  boiled  with  water,  neither 
the  clear  solution  nor  the  jelly  which  forms  on  cooling,  is  coloured 
blue  by  iodine  ;  but  on  precipitating  with  alcohol,  the  lichenin,  freed 
from  alcohol  by  washing  with  water,  is  again  coloured  blue  by  iodine. 

Properties.  Colourless  (Payen)  or  yellowish,  hard,  brittle,  trans- 
lucent mass,  vitreous  on  the  fractured  surface.  Difficult  to  pulverize. 
— Nearly  inodorous  ;  tasteless.     Permanent  in  the  air. 
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Knop  &  Schnedermann's  lichenin  was  turned  blue  by  iodine. 

According  to  Gu^rin-Varry,  lichenin  is  C^^H"0^^;  see  his  analysis  (^nn.  Chim. 
Phys.  56,  248)  ;  according  to  Vogel,  it  resembles  amyloid,  inasmuch  as,  like  that  sub- 
stance, it  forms  the  cell-walls  of  lichens. 

Decompositions.  1.  Lichenin  yields  by  dry  distillation  products 
doubtless  similar  to  those  obtained  from  starch.  It  yields 
carbonic  acid,  carbonic  oxide,  a  small  quantity  of  carburetted  hy- 
drogen, aqueous  empyreumatic  acetic  acid,  and  a  brown  oil,  but  no 
ammonia,  and  leaves  \  charcoal.  (Berzelius). — According  to  Proust, 
traces  of  ammonia  are  likewise  obtained. — 2.  The  aqueous  solution  of 
lichenin  slowly  turns  mouldy  on  exposure  to  the  air,  but  without 
acquiring  any  bad  taste  or  smell.  (Berzelius.) — It  turns  sour  in  a  few 
days.  (Guerin.)  —  3.  By  continued  boiling  of  its  aqueous  solution,  it 
partly  loses  the  property  of  separating  on  cooling.  (Berzelius.) — 4.  By 
boiling  with  very  dilute  s^dphuric  acid,  it  is  partly  converted  into  sugar. 
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(Kirchhoff,  Sclm.  14,  388).  lOO  pts.  treated  with  250  pts.  oil  of  vitriol  yield 
53-91  pts.  anhydrous  sugar.— 5.  Chlorine  gas  passed  iiito  the  solution  removes 
any  accidental  brown  colour,  without  producing  further  decomposition. 
(Berzelius.) — 6.  Gently  heated  nitric  acid  dissolves  lichenin  with 
facility,  producing  a  non-mucilaginous  fluid,  while,  at  a  higher  tem- 
])erature,  oxalic  acid  is  formed,  but  neither  mucic  acid,  nor  stearin. 
(Berzelius,  Proust.)  lOO  pts.  lichenin  set  aside  for  a  month,  at  a  temperature  of 
20°  to  25°  in  contact  with  600  pts.  nitric  acid  of  sp.  gr.  1"34,  yield  saccharic  acid,  and 
at  40°  a  much  larger  quantity.  If  the  liquid  be  heated  to  60°,  it  yields  on  cooling 
crystals  of  oxalic  acid,  100  pts.  lichenin  producing  48"17  pts.  of  the  hypothetical  anhy- 
drous acid.  (Guerin.) 

Combinations. — Lichenin  immersed  in  cold  ivater  slowly  swells  up  to 
a  considerable  mass,  but  without  perceptibly  dissolving.  In  boihng 
water,  it  dissolves  completely  to  a  thick  gum.  The  concentrated  solu- 
tion solidifies  to  a  jelly  on  cooling.  (Guerin- Varry.)  The  solution,  if 
left  to  evaporate,  becomes  covered  with  films  soluble  in  water.  (Guerin, 
Berzehus.)  The  jelly  gradually  contracts  on  standing,  so  that  the 
supernatant  water  still  retains  a  little  lichenin  in  solution,  becomes 
covered  with  a  crust  if  longer  boiled,  and  ultimately  loses  the  power 
of  gelatinising  on  cooling  (Berzelius) ;  it  is  thereby  converted  into  a 
gummy  mass.  (John.) — Iodine  colours  lichenin  greenish-brown,  accord- 
ing to  Berzelius ;  blue,  according  to  Guerin- Varry,  but  much  less 
deeply  than  starch ;  yellow,  according  to  Mulder,  or  green  from  admix- 
ture of  starch.  (Comp.  Knop  &  Schnedermann,  p.  120).  The  green 
solution  of  iodine  in  lichenin  set  aside  in  open  vessels  for  24  hours, 
deposits  hchenin,  leaving  iodide  of  starch  in  solution.  (Mulder.) — 
The  decoctions  of  Cetraria  islandica  and  Parmelia  parietina  acquire  a 
line  blue  colour  when  treated  with  alcoholic  tincture  of  iodine,  that  of 
Sticta  pidmonacea  becomes  bluish-green ;  all  these  decoctions  are  de- 
colorised by  boihng ;  but  that  of  the  first-mentioned  lichen  recovers 
its  blue  colour  on  cooling.  (Mulder). 

In  fuming  hydrochloric  acid,  lichenin  swells  up  to  a  jelly  as  trans- 
l^erent  as  glass,  from  which  alcohol  precipitates  unaltered  hchenin. 
(Knop  &  Schnedermann). 

Lichenin  absorbs  2-66  p.  c.  ammonia  gas^  but  gives  it  up  completely 
at  100°.  Mulder). 

With  aqueous  j^otash  it  forms  a  pale  yellow,  perfectly  mobile  solu- 
tion not  precipitable  by  acids.  (Berzelius). — The  films  which  collect  on 
the  surface  of  aqueous  lichenin  while  boiling,  are  rendered  ductile,  like 
turpentine,  by  immersion  in  aqueous  potash.  (John). 

Lichenin  dissolves  in  hot  aqueous  carbonate  of  potash,  also  in  hot 
hai^ta-  and  lime-ivater.  (BerzeUus). 

Lead-compound  of  Lichenin.  Basic  acetate  of  lead  is  dropped  into  hot 
aqueous  lichenin,  and  the  product  is  washed  and  dried. — White  pre- 
cipitate containing  55-26  p.  c.  oxide  of  lead  (C^^H^oQ^",  4PbO  =  57*9 
}).  c.  PbO).  (Mulder).  It  dissolves  in  acetic  acid  (Guerin).  Aqueous 
lichenin  from  Ramelina  fraxinea  is  not  precipitated  by  basic  acetate  of 
lead.  (Berzelius). 

Lichenin  is  rendered  slightly  turbid  by  mercurous  nitrate ;  not  pre- 
cipitated by  acetate  of  alumina  or  ferrous  sulphate. 

Infusion  of  galls  produces  a  precipitate  hi  the  aqueous  solution  of 
lichenin  from  Ramelina fastigiata  ov  R.  fraxinea.  (Mulder,  Phys.  Chem.  225.) 

Lichenin  is  insoluble  in  alcohol  and  in  ether. 
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Paramylone. 

C"ff«0^«  or  C2qP«02«. 
Gottlieb.     Ajdi.  Pharm.  75,  51 ;  Pharm.  Centr.  1850,  856. 

In  Euglena  viridis,  a  green  infusorium  living  in  water. 

Fresh  Euglenoe,  mechanically  freed  from  adhering  vegetable  matter, 
sand,  &c.,  are  exhausted  successively  with  ether,  80  p.  c.  alcohol,  and 
boihng  alcohohc  hydrochloric  acid,  to  remove  fat,  colouring  matter, 
and  nitrogenous  substance,  whereby  the  envelopes  of  most  of  the 
animalcules  are  lacerated,  and  granular  paramylone  is  set  free.  From 
the  resulting  mixture  of  paramylone  envelopes,  and  uninjured  animal- 
cules, the  two  latter  are  for  the  most  part  removed  by  repeated 
stirring  with  water  and  straining,  the  water  which  runs  through  then 
depositing  paramylone  in  a  purer  state.  Paramylone  thus  prepared  still 
retains  about  1-4  p.  c.  ash  and  membranes,  which  may  be  removed  by 
dissolving  it  in  weak  potash-ley,  precipitating  the  filtrate  with  hydro- 
cliloric  acid,  and  washing  out  the  jelly.  In  the  course  of  the  preparation 
a  brown  substance  is  formed  by  the  action  of  the  potash  on  the 
admixed  membranes  :  it  may  be  removed  by  repeatedly  dissolving  the 
paramylone  in  potash-ley  and  precipitating  with  hydrochloric  acid. 

Properties.  White  granules,  which  arc  smaller  than  those  of 
wheat-starch;  and  give  off  their  adhering  water  at  100°. —  After 
precipitation  from  the  potash-solution  by  hydrochloric  acid,  and 
drying,  it  forms  irregular,  pale  yellow,  translucent,  tenacious, 
scarcely  friable  lumps,  which  do  not  give  off  their  adhering  water 
below  110°. 
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a,  after  deducting  1-4  p.  c.  ash  ;  h  paramylone  purified  with  potash-ley.  Tlie  com- 
pound is  nearly  related  to  cellulose.     (Gottlieb.) 

Decompositions.  1.  Meltswhen/^ea^e^,  and  burns  with  an  odour  of  sugar, 
leaving  an  easily  combustible  charcoal.  —  In  an-  heated  to  200°  it  does 
not  melt,. but  turns  brown  and  then  yields  to  water,  a  tasteless  gum, 
insoluble  in  alcohol.  —  2.  With  nitric  acid  it  yields  a  large  quantity  of 
oxalic  acid.  —  3.  It  is  not  altered  by  hot  dilute  acids;  by  boiling  for  six 
days  with  dilute  sulphuric  acid,  it  is  partly  converted  into  a  brown, 
greasy  mass,  which  decomposes  aqueous  potassio-cupric  tartrate  only 
at  the  boiling  heat,  with  separation  of  cuprous  oxide.  —  4.  Boiled 
with  strong  hydrochloric  acid,  it  dissolves  to  a  brown  syrup  containing 
fermentable  sugar,  capable  of  reducing  potassio-cupric  tartrate.  —  Pa- 
ramylone is  not  converted  into  sugar  by  diastase. 
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Combinations.  Paramylone  is  insoluble  in  water.  —  That  which  has 
been  precipitated  by  acids  swells  up  in  water,  but  without  gelatinis- 
ing. — It  is  not  coloured  by  iodine. 

Paramylone  does  not  dissolve  in  dilute  acids,  or  in  aqueous  ammonia, 
either  cold  or  at  the  boiling  heat.  —  It  dissolves  without  decomposition 
in  strong  2-)otash-ley,  and  is  precipitated  therefrom  by  carbonic  acid 
almost  in  the  pure  state;  by  acidulated  alcohol  in  white  flocks;  by 
absolute  alcohol  in  combination  with  a  small  quantity  of  carbonic 
acid  and  potash.  The  last  precipitate  dries  up  to  a  yellow, 
translucent  mass,  and  gives  up  potash  when  washed  with  alcohol. 

Paramylone  is  not  altered  by  saline  solutions,  and  is  insoluble  in 
alcohol  and  ethe7\ 
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Woody  Fibre,  Lignin,  Zellstoff,Pflanzen-zellstoff,  Faser,  Holzfaser,  Pflanzenfaser, 
Pflanzenfaserstoff,  Lignenx. 

Payen  and  others  make  a  distinction,  between  cellulose  or  woody  fibre  properly  so- 
called,  and  the  encrusting  matter  (Turpin's  sclerogen,  Schulze's  lignin)  which  they 
regard  as  a  peculiar  constituent  of  the  cellular  tissue.  This  encrusting  matter  has  not 
however  been  isolated,  and  Schleiden  (^Grundzilge  d.  wissensch.  Bot.  Leipzig,  1849,  1, 
173)  contests  its  existence  as  a  distinct  compound.  The  encrusting  matter  treated  suc- 
cessively with  potash  and  iodine,  assumes  an  orange-yellow  colour,  and  is  thereby  dis- 
tinguished from  cellulose,  which  turns  blue  under  the  same  circumstances.  (Payen,  N. 
Ann,  Sc.  nat.  Bot.  13,  305.)  Schulze's  lignin  dissolves  in  a  mixture  of  chlorate  of 
potash  and  nitric  acid,  in  oil  of  vitriol,  and  in  a  concentrated  aqueous  solution  of  chloride 
of  zinc  {comp.  Payen,  N.  Ann.  Sc.  nat.  Bot.  11,  27;  abstr.  Compt.  rend.  81,  51  ; 
J.  2)r.  Chem.  16,  436.  —  v.  Baumhauer,  Scheik.  Onderzoek.  2,  62;  J.  pr.  Chem.  32, 
204;  Rejiert.  95,  220.  —  F.  Schulze,  Beitr'dge  zur  Kentniss  des  Lignins,  Rostock, 
1856  ;  abstr.  Chem.  Centr.  1857,  321). 

The  substances  formerly  distinguished  as  Pollenin,  Fungin  or  Medullin,  appear  to 
be  nothing  but  cellulose  in  various  degrees  of  purity.  A  few  other  substances  allied  to 
cellulose  are  treated  in  an  Appendix. 

Sources.  1.  Li  the  Vegetable  Kingdom.  —  Cellulose  forms  the 
principal  part  of  the  cellular  tissue  of  plants.  It  is  indispensably- 
necessary  for  the  formation  and  development  of  the  cells  (Schleiden) ; 
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it  is  tlie  plastic  material,  not  only  of  the  primary  cell- wall,  but  likewise 
of  all  the  spiral  or  otherwise  formed  deposits  which  attach  themselves 
to  its  inner  sm-face  as  the  plant  grows,  and  appear  to  partake  of  the 
structure  of  the  cell-wall  itself.  (Scheidcn,  Schulze.)  Cellulose  is 
found  in  its  purest  state  in  the  walls  of  young  vegetable  cells,  as  in  the 
spongioles  of  the  rootlets,  the  younger  organs  of  the  leaf  and  flower, 
the  fleshy  structures  of  certain  fruits,  &c. ;  more  frequently,  however, 
it  is  found  associated  or  combined  with  foreign  matters,  especially  in 
the  cell-walls  of  older  plants,  in  the  wood,  &c.  Such  foreign  admix- 
tures, produced  as  the  growth  of  the  plant  advances,  and  often  very 
intimately  united  with  the  cellulose  are :  colouring  matters,  fats, 
resins,  gum,  mucus,  starch,  sugar,  and  salts,  both  organic  and 
inorganic.  According  to  Payen,  cellulose,  even  in  the  youngest  parts 
of  plants,  is  united  with  a  nitrogenous  substance,  resembhng  protein. 
On  Payeu's  matiere  incrustante,  see  page  124. 

Fremy  {Compt.  rend.  48,  202)  is  of  opinion  that  the  cell- walls  of  plants 
consist,  not  of  one,  but  of  several  substances,  because  he  finds  that 
cuprammonia  (see  Combinations;  p.  142)  dissolves  only  the  outer  wall 
of  many  vegetable  cells,  forming  a  solution  from  Avhich  pure  cellulose 
may  be  separated  by  water,  and  leaving  an  inner  membrane  (coloured 
green  by  the  re-agent  and  yielding  pectic  acid  when  treated  with 
acids),  whereas  other  plant-cells  are  not  attacked  by  aqueous  cupram- 
monia. lie  likewise  admits  the  existence  of  various  kinds  of 
cellulose,  whose  different  behaviour  towards  solvents  is  not  determined 
by  their  different  degrees  of  cohesion,  inasmuch  as  the  solubihty  of 
cellulose  in  aqueous  cuprammonia  is  not  in  proportion  to  its 
cohesive  power.  Nevertheless,  Payen  (Compt.  rend.  48,  210)  is  of 
opinion  that  the  different  chemical  relations  of  vegetable  cellular  mem- 
branes are  determined  by  admixtures  of  organic  and  inorganic  sub- 
stances, as  well  as  by  their  different  degrees  of  cohesion,  which  latter 
cannot  be  measured  solely  by  the  hardness  of  the  different  substances 
composed  of  cellulose  or  woody  fibre.  Thus,  according  to  his  obser- 
vations {Compt.  rend.  48,  319),  the  cellulose  in  the  pith  of  the  stem  of 
herbaceous  and  woody  plants,  both  above  and  below  the  surface  of 
the  soil,  does  not  differ  greatly  from  that  which  constitutes  cotton  and 
other  fibres  used  for  spinning,  and  the  cell-walls  of  the  various  kinds 
of  vegetable  tissue.  But  after  Pelouze  {Compt.  rend.  48,  210  and  327) 
had  observed  that  cellulose  which  has  been  dissolved  in  aqueous 
cuprammonia  and  precipitated  by  hydrochloric  acid,  is  much 
more  soluble  in  hydrochloric  acid  than  natural  cellulose,  —  and  that 
cellulose  treated  with  melting  potash  at  150° — 190°  becomes  much  more 
soluble  in  weak  aqueous  potash,  —  and  had  thence  concluded  that  the 
latter  kind  of  cellulose  is  a  modification  of  that  which  occurs  naturally, 
Payen  {Compt.  rend.  48,  358)  likewise  recognised  the  existence  of  dif- 
ferent isomeric  modifications  of  cellulose,  although  he  still  maintained 
that  the  skeleton  of  plants,  the  walls  of  the  cells,  fibres,  and  vessels 
in  general,  consist  of  one  and  the  same  kind  of  cellulose,  and  that  the 
various  conditions  of  cellulose  in  plants  are  determined  essentially  by 
their  state  of  aggregation  or  by  the  presence  of  foreign  bodies. — 
Fr6my  on  the  other  hand  maintanis  {Compt.  rend.  48,  67)  that  the  dif- 
ferent modifications  of  cellulose  cannot  arise  from  the  admixture  of 
foreign  substances,  inorganic  compounds,  for  example,  inasmuch  as 
the  solubility  of  cellulose  ;in  cuprammonia  may  vary,  although  the 
amount  of    inorganic    matter   associated  with  it  remains  constant ; 
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thus  the  insoluble  pith  of  plants  is  rendered  soluble  by  many  hours 
heating  to  about  150°  or  by  prolonged  boihng.  As  isomeric  modifica- 
tions of  natural  cellulose,  he  distinguishes  :  1.  That  part  of  the  vege- 
table tissue  which  is  soluble  in  aqueous  cuprammonia,— -  the  true 
cellulose  or  wood^  fibre ; — 2.  The  part  which  is  insoluble  in  aqueous 
cuprammonia,  but  is  rendered  soluble  by  treatment  with  certain 
chemical  re-agents  :  Paracellulose.  The  latter  is  found  in  nature  associ- 
ated with  true  cellulose,  constituting  the  utricular  tissue  of  the  medul- 
lary rays.  As  two  fmther  modifications,  Fremy  distinguishes  Vascu- 
lose^  which  forms  the  vascular  tissue,  and  Fibrose,  which  forms  the 
woody  tissue,  both  of  which  differ  in  some  respects  from  true  cellulose. 

(vid.  inf.) 

Cellulose  occurs  tolerably  pure  in  the  fibre  of  cotton,  flax,  and  hemp, 
therefore  in  bleached  linen  ;  in  the  byssus  used  for  wrapping  mummies 
(Thomson,  Ann.  Pharm.  69,  128);  in  white  (Swedish)  paper. — It 
occurs  pure  (not  pure,  according  to  v.  Baumhauer)  hi  the  pericarp  of 
Phytelephas  (Pay en) ;  is  contained,  to  the  amount  of  12  per  cent,  in  the 
manna  of  Eucalyptus  dumosa  (Anderson,  N.  Ed.  Phil.  J.  47,  132  ;  /.  pr. 
Chem.  47,  449) ;  it  forms  the  envelopes  of  starch-granules  (Melsens) ; 
the  membranes  which  enclose  the  granulose  of  starch-granules  (Niigeli, 
Die  Starhnehlkorner,  1858) ;  it  is  a  constituent  of  Hgnite  and  coal 
(Schulze,  Lieb.  Kopp.  Jahresber.  1855,  702  and  1019). 

As  Pollenin.  In  the  pollen  of  flowers  :  of  tulips  (John),  of  date- 
flowers  (Fourcroy  &  Vauquelin,  A.  Gehl.  1,  507),  of  lihes  and  of  Cactus 
spec/osmmws  (Herapath),  in  the  seeds  of  lycopodium(Buchholz.  ^.  GehJ. 
6,  573). —  As  medulliji,  in  the  pith  of  plants,  especially  of  sunflowers 
and  of  the  elder- tree  (John,  Chem.  Schriften,  4,  204). — ■  As  Fungin 
in  fungi,  as  Agaricus  volvacius,  A.  piper atus  and  A.  stypticus,  Boletus 
juglandis,  and  B.  pseudo-igniarius,  Phallus  impudicus,  Merulius  Cantharel- 
lus,  Hydnum  repandum  and  H.  hybridum,  Mucor  septicus,  (Braconnot, 
Ann.  Chim.  79,  276);  Agaricus  campestris,  A.  bulbosus,  A.  theogalus,  A. 
muscarius  (Vauquelin,  Schw.  12,  253) ;  Helvella  mitra  (Schrader,  Schw. 
33,  410).  —  As  Lichenin  in  the  skeleton  of  lichens  (p.  119). —  The  cellu- 
lose of  Iceland  moss  appears  to  be  in  a  state  of  transition  between 
true  cellulose  and  starch  (Fromberg). — As  corh  cellulose,  existing  in 
an  impure  state  in  cork,  the  outer  bark  of  the  cork- oak. 

2.  In  the  Animal  Kingdom. —  Degenerated  human  spleen  and  some 
parts  of  the  human  brain  contain  a  substance  resembling  cellulose 
(Virchow,  Compt.  rend.  37,  492  and  860). —  In  the  skin  of  silk- worms, 
probably  also  in  the  wing-cases  of  cantharides,  the  shells  of  crabs  and 
lobsters  (Peligot,  Compt.  rend.  47,  1037 ;  Rep.  Chim.  pure,  1,  234)  ;  not 
in  the  wing-cases  of  cockchafers  or  in  the  carapaces  of  craw-fish  and 
shrimps,  therefore  also  probably  not  in  the  skin  of  the  silk- worm 
(Stiideler,  Ann.  Pharm.  Ill,  28).     see  Tunicin. 

On  the  formation  of  cellulose  in  plants,  see  Schleiden,  also  Rosignon  (Compt.  rend. 
14,  873).  On  the  detection  and  estimation  of  cellulose,  see  Poggiale  {N.  J.  Pharm. 
36,  121). 

Preparation.  A  portion  of  a  plant  containing  cellulose  as  nearly 
pure  as  possible  —  such  as  cotton,  flax-fibre,  hemp-fibre,  pith,  &c.,  is 
exhausted  successively  with  water,  alcohol,  ether,  hydrochloric  acid, 
and  aqueous  alkali,  then  perhaps  treated  with  chlorine,  and  dried  after 
thorough  washing. 
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1.  Payen  boils  finely  pulverized  oak-,  beech-,  or  acacia-wood  to  dryness 
with  potash-ley  three  times  in  succession ;  washes  with  water,  hydro- 
chloric acid,  ether,  and  alcohol ;  boils  with  water  ;  treats  the  remaining 
substance  repeatedly  with  aqueous  ammonia,  potash,  hydrochloric  acid, 
and  water  in  succession,  sometimes  also  suspends  it  in  water  and  treats 
it  with  chlorine ;  and  finally  washes  it  with  alcohol  and  ether.  —  Or  he 
exhausts  finely  divided  fir- wood  with  water,  alcohol,  ether,  acids,  and 
weak  soda-ley,  then  with  hot  concentrated  soda-ley,  afterwards  with 
hydrochloric  acid  and  water;  triturates  the  woody -fibre  on  a  grindstone; 
treats  it,  suspended  in  water,  with  chlorine  gas;  and  lastly  with 
aqueous  potash,  hydrochloric  acid,  and  water  in  succession.  The 
perisperm  of  Phytelephas  exhausted  successively  with  aqueous  ammonia, 
water,  alcohol,  ether,  then  again  with  alcohol,  ampaonia,  glacial  acetic 
acid  and  water,  yields  pure  cellulose.     (Payen.) 

2.  Spiral  vessels  of  Agave  americana,  elder-pith,  or  the  pith  of  Phy- 
tolacca  decandra  are  exhausted  with  glacial  acetic  acid,  water,  alcohol, 
and  ether  successively,  or  with  one  or  more  of  these  re-agents  (Mulder). 
White  cotton  is  boiled  for  half-an-  hour  with  dilute  sulphuric  acid,  then 
for  a  while  with  strong  potash-ley,  afterwards  washed  with  water, 
alcohol,  ether-alcohol,  and  finally  with  boiling  water.  (Blondeau  de 
Carolles.) 

3.  Dried  parts  of  plants,  such  as  Agaricm  albus,  turnips  or  white 
cabbage,  or  Iceland  moss  previously  exhausted  for  several  days  with 
weak  soda-ley,  are  boiled  with  water,  till  the  decoction  is  no  longer 
coloured  by  alcoholic  iodine,  and  runs  off  nearly  colourless ;  the  resi- 
due is  repeatedly  digested  with  soda-ley  of  10  percent.,  till  the  extract 
is  no  longer  precipitated  by  hydrochloric  acid ;  and  the  residue,  after 
being  washed  with  waterand  pressed,4s  successively  digested  with  alco- 
hol heated  to  30°,  repeatedly  with  ether  and  with  dilute  hydrochloric 
acid  (1 :  21),  and  finally  exhausted  with  water  and  alcohol.   (Fromberg.) 

4.  Finely  comminuted  parts  of  plants  containing  woody  fibre  are 
macerated  four  times  in  succession  for  seven  days  each  with  cold  potash- 
ley,  the  residue  being  each  time  washed  for  a  long  while  with  water 
and  glacial  acetic  acid,  and  finally  well  boiled  with  water,  alcohol,  and 
ether,     (v.  Baumhauer.) 

5.  One  part  of  vegetable  tissue  is  macerated  for  fourteen  days  at  a 
temperature  of  about  115°  in  a  mixture  of  12  pts.  nitric  acid  of  sp.  gr. 
1*160  and  18  pts.  chlorate  of  potash — cellulose  being  then  taken  up  into 
the  solution,  and  the  residue  is  washed  with  water  and  with  alcohol. 
(Schulzc.)  Cellulose  thus  prepared  is  contaminated  with  considerable 
quantities  of  a  chlorinated  substance  produced  by  the  action  of  chlo- 
rine on  the  woody  fibre.     (Ritter,  Private  communicatmi.) 

6.  The  pith  of  elder-stems,  burdock-roots  or  sunflower-stalks 
gathered  in  August  and  comminuted,  is  exhausted  successively  with 
water,  alcohol,  and  ether,  then  with  weak  potash-ley,  and  washed  with 
water.     (Schaffner.) 

The  following  plants  and  parts  of  plants  also  finally  leave  cellulose 
when  treated  as  follows : 

7.  Finely  pulverized  coffee-beans  are  exhausted  as  completely  as 
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possible  with  ether,  alcohol,  water,  boiling  weak  potash-ley,  boiling 
dilute  hydrochloric  acid,  and  water ;  the  residue  rubbed  up  to  a  pulp 
with  water  is  left  to  itself  till  white  flocculent  cellulose  has  settled 
down,  and  this  deposit  is  dried  and  exhausted  with  absolute  alcohol. 
(Rochleder.)  —  8.  Lichens  are  exhausted  with  cold  water,  alcohol, 
aqueous  ammonia,  glacial  acetic  acid,  and  ether,  and  lastly  boiled  with 
water  (Payen);  they  are  exhausted  with  alcoholic  ammonia,  weak 
alcohol,  ether,  alcohohc  jDotash,  boiling  aqueous  potash,  a  large  quan- 
tity of  water,  boiling  weak  hydrochloric  acid,  and  boiling  water. 
(Rochleder  &  Heldt.)  They  are  steeped  for  four  to  six  days  in  concentra- 
ted hydrochloric  acid  renewed  every  day,  and  the  residue  is  repeatedly 
exhausted  by  successive  treatment  with  alcohohc  ammonia  and  hydro- 
chloric acid,  which  however  does  not  completely  remove  a  brown 
substance  formed  from  the  cetraric  acid.     (Kopp  &  Schnedermann.)  — 

9.  Pressed,'dried,  and  finely  comminuted  Con^ervce  are  exhausted  with 
alcohol,  aqueous  ammonia,  dilute  soda,  and  potash-ley,  and  the  residue 
suspended  in  water  is  treated  with  chlorine,  and  afterwards  washed 
with  weak  hydrochloric  acid,   water,  ether  and  alcohol.     (Payen.)  — 

10.  Fungi,  after  being  pressed,  are  exhausted  with  water,  alcohol, 
and  weak  aqueous  potash  (Braconnot),  or  reduced  to  dry  powder,  and 
treated  successively  with  ether,  alcohol,  hot  ammonia,  hydrochloric 
acid,  and  weak  aqueous  potash,  continually  washed  in  the  intervals  with 
water,  then  diffused  in  water  and  treated  with  chlorine,  and  finally 
again  treated  with  alcohol  and  ether.  (Paj^en.)  —  11.  The  pohen  of 
tulips  is  exhausted  successively  with  water,  alcohol,  and  aqueous 
potash.  (John,  Buchholz.)  —  12.  Rasped  cork  is  exhausted  with  alco- 
hol, boiled  with  8  pts.  nitric  acid,  of  sp.  gr.  1-30,  till  the  suberin  is 
dissolved  and  the  wax  has  separated  as  an  oily  layer,  and  the  cellulose 
diffused  in  flocks  through  the  acid  liquid,  is  repeatedly  washed  with 
alcohol.     (Schlossberger  &  Popping,  Ann.  Pharm.  52,  113.) 

Properties.  In  the  moist  state  colourless  and  translucent ;  in  the 
dry  state,  white,  and  nearly  translucent.  Different  in  appear- 
ance according  to  the  tissues  from  which  it  has  been  obtained,  it  either 
exhibits  the  original  structure  of  the  vegetable  tissue,  or  consists  of  a 
network  of  fibres  more  or  less  united  with  one  another. 

Closely  aggregated  cellulose  is  obtained  from  ebony-,  guaiac-,  and 
oak-wood,  from  the  pericarp  of  vegetable  ivory  (Phytelephas),  from 
nuts,  from  nodes  of  grass-stems,  &c  ;  loosely  united  cellulose  is  yielded 
by  cedar-,  pine-,  and  birch- wood,  the  stems  of  grasses,  herbs,  &c.  Very 
easily  separable,  and  at  the  same  time  very  long,  tough,  and  flexible, 
are  the  fibres  of  flax,  hemp.  New  Zealand  flax  {Phormium  tenax),  and 
cocoa-nut,  the  spiral  vessels  of  the  pisang,  &c. ;  completely  separated 
very  flexible  and  tough,  are  the  fibres  of  cotton  and  of  seed-wool  in 
general. 

Cellulose,  separated  from  its  solution  in  aqueous  cuprammonia, 
forms  loose  flocks,  which  dry  up  to  grey,  horny  lumps  translucent 
on  the  edges  (Schweizer,  Schlossberger) ;  after  precipitation  with 
alcohol,  it  forms  white  threads,  Avhich  crumble  to  a  white  powder 
when  washed  with  hydrochloric  acid  (Erdmann).  —  Sp.  gr.  of  woody 
fibre  1-25  to  1-5;  of  cotton,  1*24;  of  flax-fibre,  1*45.  (Kopp.  Ann. 
Pharm.  35,  39.)  —  Inodorous  and  tasteless. 
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Calculation 


Accofdinff  to  PAYENand  Mitscherlich. 

24  C  144     44-44     , 

20  H 20     6-17     , 

20  0  160     49-39 


According  to  Mulder  and  Baumh  auer. 

24  C  144     43-24 

21  H 21     6-31 

21  O 168 50-45 


C24H20O20  324 


100-00 


C2*H-'i02i  333     100-00 


1.  Ube. 


2.  Payen. 


Flax. 

Cotton. 

Amygdal, 
sativa. 

Ovule  of 

Apple- 
blossoms. 

Sun- 
flowers. 

Tissue 

of 

Cucumber. 

Elder. 
pith. 

a. 

b. 

c. 

d. 

e. 

c 

H 
O 

42-81     . 

5-50 
51-69 

...     42-11 
..       5-06 
...     52-83 

....     43-57     . 
....       6-11     . 
....     50-32     . 

...     44-7     .. 
...       6-0     .. 
...     49-3     .. 

.     44-1 
.       6-2 
.     49-7 

...     43*80     ... 
....       6-11     .. 
....     50-09     .. 

.     43-37 
.       6-04 
.     50-59 

100-00     . 

...  100-00 

....  100-00     . 

...  100-0     .. 

.  100-0 

....  100-00     .. 

.  100-00 

Payen. 


Pith  of 

Spongioles                  Leaves 

5               Aylanthus 

Aeschino- 

of  the                          of 

glandulosa. 

mene.                       Cotton. 

Rootlets.           Cychorimn 

intyh.       at  180°. 

/                  9- 

h. 

i.                    k. 

/.                 m. 

C     43-39     ....     45-00 

....     44-35 

....     43-00     ....     45-08     .... 

43-40     ....     45-95 

H      6-33     ....       6-22 

....       6-14 

....       6-18     ....       6-74     .... 

6-12     ....       6-19 

0     50-28     ....     48-78 

....     49-51 

....     50-82     ....     48-18     .... 

50-48     ....     47-86 

100-00     ....  100-00 

....  100-00 

....  100-00     ....  100-00     .... 

100-00     ....  100-00 

Woody-fibre 

Spiral  vessels      Inner  tissue  Seed*wool 

Woody  fibre 

from 

of 

of  the             of 
leaves  of 

from 

Oak-wood. 

Mma  sapient.     Agave  amer.     Popiil, 

Fir-wood. 

virgm. 

n.               0. 

P- 

q.                r.                8. 

t.                u. 

C     43-85  ....    44-53  .... 

48-43  .... 

43-22  ....    44-70  ....    44*11  .. 

..    51-79  ....    44-38 

H      5-86  ....      6-03  ... 

6-91  .... 

6-50  ....      6-39  ....      6-52  .. 

..      6-28  ....       6-96 

O    50-29  ....    49-44  ... 

44-66  .... 

50-28  ...    48-91  ....    49-37  .. 

..    41-93  ....    48-66 

100-00  ....  100-00 


100-00  ....  100-00  ....  100-00 


100-00 


100-00  ....  10000 


Perisperm 

Cellulose 

Conferva 

Agaricus 

Boletus 

Chara 

of 

from 

rivularis. 

edulis. 

igmarius. 

hisinda. 

Phytelephas 

Cetraria 
island. 

at  170°. 

at  100°.      at  180". 

at  180°. 

at  130°. 

V. 

w. 

X.               y. 

z. 

aa. 

hh. 

C 44-14  .. 

.     44-70  .. 

.     42-57  ....     44-57  , 

...     44-52 

...     43-40 

....     43-88 

H 6-30  .. 

.       6-21  .. 

.       6-52  ....       5-75 

...       6-67 

...       6-11 

6-29 

0 49-56  .. 

.     49-09  .. 

.     50-91  ....     49-68  . 

...     48-8X 

...     50-49 

....     49-83 

100-00  .. 

.  10000  .. 

.  100-00  ....  100-00  . 

...  100-00 

...  100-00 

....  100-00 
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3.  Fromberg. 


Cellulose  from 

Cetraria 

islandica. 

at  160°. 

a.  b. 

C  46-68     ....     45-85 

H  6-18     ....       6-22 

O         47-14     ....     47-93 


Agaricus 
albus. 


at  150= 


c. 

45-57 

6-29 

48-14 


d. 
43-94 

6-12 
49-94 


100-00 


Cellulose 

from 
Turnips. 
at  150°. 

/. 

C  46.26     ....     44-12 

H 6*29     ....       6-08 

O  47-45     ....     49-80 


....  100-00 

Cellulose 

from 

White  Cabbage. 

at  140°. 
a.  h. 


100-00 


100-00 

Cellulose 
from 
Salad. 

at  160°. 


46-80 

6-07 

47-13 


43-43 

6-26 

50-31 


48-60 

6-44 

44-96 


Jc. 
44-73 

6-09 
49-18 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 


4.  V.  Baumhaukr. 
Cellulose  from  the  Perisperm  of  Phytelephas. 
at  140°— 150°. 


C 
H 
O 



a.                   b.                   c.                   d. 
44.37     ....     43-57     ....     4365     ....     45-73     .... 
6-22     ....       6-27     ....       6-31     ....       6-32     .... 
49-41     ....     60-16     ....     50-04     ....     47.95     .... 

e. 
43-63 

6-30 
5007 

C 

H 
O 



100-00     ....  100-00     ....  100-00     ....  100-00     .... 

Cellulose  from  the  Shell  of  Cocos  nucifera. 

at  120°.         at  120°.         at  150°.        at  130°. 

/.                  g.                  h. 

52-99     ....     47-19     ....     46-32     ....     46-27     .... 

5-88     ....       6-09     ....       6-01     ....       5-81     .... 

41-13     ....     46-72     ....     47-67     ....     47-92     .... 

100-00 

an  25°. 

k. 

43-73 

6-11 

50-16 

C 
H 
O 

100-00     ....  100.00     ....  100-00     ....  100-00     .... 

Cellulose  from  Cocos  lapidea. 
at  140°. 

100-00 

I.                   m.                 n.                  0. 
52-21     ....     49-82      ...     49-81     ....     44-19 

5-80     ....       6-01     ....       5-93     ....       6-24 

41-99     ....     44-17     ....     44-26     ....     49-57 

( 

Pea 

P- 
52-2 

5-8 
41-9 

100-00     ....  100-00     ....  100-00     ....  100-00 

I!ellulose                 Cellulose                           Cellulose 

from                         from                                     from 
ch-kernels.         Walnut-shells.                     the  Skin  of 

Cytisus  Laburnum, 
at  140°.                   at  140°.        at  140°.        at  160°.         at  160°. 

C 
H 
O 

q.                    r.                    8.                   t. 
0  ....     52-13     ....     52-22     ....     49-11     ....     45-84 
3  ....       6-01     ....       5-91     ....       5-97     ....       5-84 
7  ....     41-86     ....     41-87     ....     44-92     ....     48'32 

u. 
....     44-75 
....       6-11 
....     49-14 

100-00 


100-00 


100-00 


100-00 


100-00 


100-00 
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V.  Baumhauer. 

5. 

Blondeau 

^        DE 

Carrolles. 

Cellulose 

Cellulose 

Flax. 

Cotton. 

from  the  Skin  of                    from  the  Skin  of 

XJlmus  campcstris.           Liriodendron  tulipifera. 

at  140°. 

Gn.40°.  an60°. 

at  160°.  at  140°.  a/ 160°.  at  160°. 

at  140°. 

V.              w. 

X.             y.             z.            aa. 

bb.           CO. 

C      49-53       4674 

43-81       47-76       45-00      44-12 

45-14       43-95 

40-59 

H       5-98         5-73 

603         5-89         5-80         6-11 

6-40         6-24 

6-66 

0     44-49       47-53 

50-16       46-35       49-20       49-77 

48-46       49-81 

52-75 

100-00     100-00 

100-00     100-00     100-00     100-00 
6.  Mulder. 

100-00     100-00 

100-00 

Agave  americana. 

^ 

^ 

■Dt^.a^i^^^^ 

Thorns  of 
Cirsium 

Spiral- 

Cells  of              from  the      Internodes.   decandra. 

fibres. 

Bass-fibres.      Internodes. 

Pith.         triacantha. 

at  130°. 

at  140°. 

at  135°. 

a. 

i.                   c.                   d. 

€. 

/. 

C  ....     47-65 

....     46.98     ....     49-28     ....     46-38 

....     45-84      ... 

48-44 

H ....       6-04 

..,.       6-11     ....       6-01     ....       6-01 

....       6-07     ... 

6-99 

O  ....     46-31 

....     41)-91     ....     44-71     ....     47-61 

....     48-09     . 

44-57 

100-00 

....  100-00     ....   100-00     ....   100-00 

....  100-00     .. 

100-00 

7.    ROCHLEDER    &     HelDT. 

8. 

RoCHLEDER 

^ 

Cellulose  from 

Evernia 

Lichen            Usnea         Ramelina 

Parmetia 

Cellulose 

pruna- 

rangi-           harbat.         calicaris. 

parietia. 

from 

stri. 

formis. 

Coffee-berry. 

a. 

b.                    c.                    d. 

e. 

at  130°. 

~   C  ....     46-01     .... 

46-28     ....     46-47     ....     45-76     .. 

..     45-88 

47-07 

H  ...       6-63     ... 

6.75     ....       6-67     ....       6-78     .. 

..       6-55 

6-53 

O  ....     47-36     ... 

46-97     ....     46-86     ....     47-46     .. 

..     47-57 

46-40 

100-00     ....  10000     ....  100-00     ....  100-00     ....  100-00         ....       100-00 

9.    SCHAFFNER. 


Elder-pith. 

Pith  of  Burdock-root. 

Sunflower- 

pith. 

at  100°. 

at  150°. 

at  210°. 

at  100°.         at  150°.         at  210°. 

at  100^ 

a. 

b. 

c. 

d.                     e.                  f. 

9- 

C     43-81 

....     47-80 

...     51-09 

...     45-45     ....     48-10     ...      51-39 

....     44-75 

H       6-40 

....       6-00 

...       5-59 

...       6-13     ....       5-95     ....       5-40 

-•       6-62 

0     49-79 

....     46-20     . 

...     43-32 

...     48-42     ....     45-95     ....     43-21 

....     48-63 

10. 

Chodnew. 

11. 

Gladstone. 

12.  Ransome. 

' 

Pulp  of 

Pulp 

of  Apple. 

at  115°. 

Turnips. 
at  115°. 

Cotton. 

Cotton, 

a. 

b. 

c. 

d. 

C. 

..  45-89     .... 

45-92 

....       45-94     . 

..       45-97     . 

...       44-37     . 

44-20 

1  H.. 
0.. 

..     6-27     .... 

6-28 

6-25     . 

6-73     . 

7-24     . 

7-04 

..  47-84     .... 

47-80 

....       47-81     . 

..       47-30     . 

...       48-39     . 

48-76 

100-00     .... 

100-00 

....     lOO'OO     . 

...     100-00 

...     100-00     . 

100-00 

k2 
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Heckeu. 


Cotton. 


Cotton. 


43-27     44-5 

6-30     6-1 

50-43     49-4 


100-00     100-00 


5.  MiTSCHERLICH. 

IG.  KNOP& 

SCHNEDER- 

MANN. 

Cellulose  from 

Swedish  Paper. 

Cetrar.  island. 

at  140°. 

at  80°. 

'a.         ^        h.     ^ 

44-22     ....     45-82     .. 

43-4 

6-23     ....       C-25     .. 

6-4 

49-55     ....     47-93     .. 

50-2 

100-00 


100-00     100-00 


Cellulose 

from  Cork. 

at  100°. 


C 44-91 

H G-05 

O. 49-04 


17.    SCHLOSSBERGER     &     DoPPING. 


Polyjmrus 

fomentar, 

at  100°. 


"> 


Daed.  querc. 
at  100°. 


Polyporus  destruct. 


b.  c.  d.  e. 

45-37  45-52  43-08     43-92 

6-82  6-31  6-24     6-65 

47-81  48-17  50-68     4943 


100-00     100-00     100-00     100-00 


100-00 


18.    F.  SCHULZE. 


Swedish 

Paper.  Cotton.  Flax.  Straw. 

a.  h.  c.  d. 

C    44-10  ....  41-16  ....  44-35  ....  44*58  . 

H  0-38  ....  6-09  ....  5-97  ....  5-99  . 

O  49-52  ....  52-75  ....  49-68  ....  49-43  . 

100-CO  ....  100-00  ....  100-00  ....  100-00 


Cellulose  from 

Walnut 

Horn- 

Evergreen 

shells. 

beam. 

oak. 

e. 

/. 

9- 

44-11  . 

...     42-71 

...     44-51 

6-03  . 

...       6-05 

...       6-00 

49-86  . 

..     51-24 

...     49-49 

100-00  ....  100-00  ....  100-00 


F.  SCHULZE. 


Alder. 


h. 
C  43-96 
H    5-96 
O  50-08 


t. 

48-70 

6-20 

45-10 


19.  Erdmann.  20.Bechamp.  21.  Weber. 


Cellulose  from 
Acacia.         Pine. 


Cellulose. 


From  From  a 

Gun-cotton.  Wasp's-nest. 


k.  I. 

44-29  ....     44-54  44-05  43-3  52-55 

6-09  ....       6-00  6-26  6-3  7*97 

49-62  ....     49-46  49-69  504  39-48 


100-00  ....  100-00 


100-00  100-00  10000  100-00 


All  the  analyses  are  calculated  after  deducting  the  ash. 

2.  Payen  (iV.  Ann.  Sc.  nat.  Bot.  11,  21  and  27;  14,  73) :  a  —  i,  natural  cellulose 
in  the  young  state  ;  k,  twice,  /  and  m,  once  purified  after  preparation  by  method  1 
by  means  of  nitric  acid ;  o  prepared  by  method  1 ;  p  obtained  by  extraction  with  aqueous 
ammonia,  hydrochloric  acid,  alcohol  and  water;  q  by  similar  treatment  after  previous 
evaporation  to  dryness  with  aqueous  potash ;  r  and  *,  by  extraction  with  water,  aqueow 
ammonia,  potash,  hydrochloric  acid,  alcohol  and  ether  ;  u  by  method  1,  treated  with 
chlorine  gas;  t  in  like  manner,  but  not  treated  with  chlorine  j  v.  by  method  1,  t^  by  8, 
w  and  y  by  9  ;  2r  and  a  a  prepared  by  10  ;  b  b  purified  by  mechanical  means. 

3.  Fromberg,  {J.  pr.  Chem.  32,  198)  :  a,  c,  e,  g,  i,  by  once,  b,  d,f,  h,  k,  by  twice 
treating  the  corresponding  vegetable  matter  with  aqueous  soda,  hydrochloric  acid,  ether 
and  alcohol  in  succession. 

4.  V.  Baumhauer  (J.  pr.  Chem.  32,  204,  and  210)  :  a  by  exhaustion  with  ether 
alcohol,  and  water ;  b  further  treated  several  times  with  glacial  acetic  acid,  washed  witl 


CELLULOSE.  133 

hot  alcohol  and  water ;  c  —  e  were  prepared  from  the  substance  used  for  analysis  a  :  viz.  c 
by  prolonged  treatment  with  boiling  aqueous  ammonia,  and  washing  with  boiling  water, 
glacial  acetic  acid,  water  and  alcohol, —  d  by  exhaustion  with  hot  weak  soda-ley,  and 
washing  with  boiling  hydrochloric  acid,  warm  water,  alcohol  and  ether,  —  eby  repeated 
treatment  with  potash-ley,  glacial  acetic  acid,  water,  alcohol  and  ether. — /  was 
obtained  like  a,  and  by  subsequent  treatment  yielded  g  —  /c  :  viz.  g  by  steeping  in  cold 
dilute  soda-ley,  h  by  eight  days'  digestion  therewith,  i  by  twice  steeping  in  cold  con- 
centrated potash-ley,  each  time  for  several  weeks  ;  g,  h,  and  i  were  then  further  exhausted 
with  water,  glacial  acetic  acid,  boiling  water,  alcohol  and  ether;  ^was  prepared  from /by 
treatment  with  chlorine,  cold  water,  boiling  water,  alcohol  and  ether.  Similarly  I  was 
obtained  in  the  same  manner  and  treated  like  i,  once  for  the  preparation  of  m,  twice  for  that 
of  w.  /  treated  like  k  yielded  o. — p  and  r  were  obtained  by  exhaustion  with  ether,  alcohol, 
boiling  water,  and  hydrochloric  acid,  and  p  tx'eated  like  i  yielded  the  substance  q. — s,  v, 
y,  obtained  by  exhaustion  with  ether,  alcohol,  boiling  water  and  hydrochloric  acid,  yielded 
i,  w,  z  by  treatment  with  chlorine,  cold  water,  boiling  water,  alcohol  and  ether,  and  u , 
a^,  a  a,  by  five  days'  steeping  in  strong  potash-ley,  washing  with  cold  and  hot  water,  treat- 
ment with  chlorine  and  washing,  b  h  was  treated  with  boiling  water  and  hydrochloric 
acid,  c  c  then  further  with  strong  potash-ley,  chlorine,  water,  alcohol  and  ether. 

5.  Blondeau  de  Carrolles  (Rev.  scient.  14,  476). —  6.  Mulder,  a — /  prepared  ac- 
cording to  2. —  7.  Rochleder  &  Heldt,  a  —  e  according  to  8.  —  8.  Rochleder,  according 
to  7. —  9.  Schaffner,  according  to  6. 

10.  Chodnew.  a  prepared  by  washing  with  water,  alcohol  and  ether;  b  by  exhaus- 
tion with  dilute  sulphuric  acid  ;  c  by  treatment  with  aqueous  potash,  weak  hydrochloric 
acid,  water,  alcohol  and  ether. —  11.  Gladstone  {Mem.  Chem.  Soc,  3,  412).  12.  Ran- 
some  (Phil.  Mag.  J.  30,  4). —  13.  Schmidt  &  Hecker  (/.  pr.  Chem.  40,  257).— 
14.  Pettenkofer  (Allg.  Zeitung,  12  Dec.  1846). —  15.  Mitscherlich,  b  somewhat  decora- 
posed. — 16.  Knop  &  Schnedermann  (/.  pr.  Chem.  40,  386)  prepared  by  8. —  17.  Schloss- 
berger  &  Dopping  {Ann.  Pharm.  52,  113),  a  by  11  ;  b,  c,  ehy  exhaustion  with  hot 
water,  weak  aqueous  potash,  hydrochloric  acid  and  alcohol ;  rf  as  it  occurs  in  nature. — 

18.  F.   Schulze.      a  commercial   paper    washed;    b  —  I    prepared   according  to  5. — 

19.  Erdmann.  Cellulose  separated  by  alcohol  from  a  solution  of  cotton  in  aqueous 
cuprammonia. —  20.  Bechamp  {Compf.  rend.  37,  134;  Inst.  1853,  261).  Cellulose 
prepared  from  gun-cotton,  by  means  of  a  solution  of  protochloride  of  iron.  —  21.  Weber 
{Pharm.  Viertelj.  7,  538  ;  Pharm.  Centr.  1853,  864) :  from  a  wasp's  nest  (corres- 
ponding to  the  formula  C^H^O'). 

The  composition  of  ceUulose  corresponds  to  the  formula  C^^HioOio  (Payen)  j  C^^H^^QS" 
(Mitscherlich,  Gerhardt,  Schulze);  CistpsO"  (Gay-Lussac  &  Thenard);  C^shisqio 
(Proust)  ;  C36H3iO"«  (Rochleder  &  Heldt)  ;  C24H2i02i  (Mulder,  v.  Baumhauer,  Knop  & 
Schnedermann). —  According  to  Reade  {Lond.  Ed.  Mag.  J.  11,  421)  the  spiral  vessels 
of  plants  differ  in  composition  from  cellular  tissue. 

Decompositions.  1.  Cellulose  remains  unaltered  at  common  tempe- 
ratures in  dry  air,  but  in  moist  air  it  rapidly  passes  into  decay  and 
putrefaction  (see  Wood.)  —  2.  By  dry  distillation  it  turns  brown  and  then 
black,  without  fusion  or  sensible  tumefaction  ;  emits  an  empyreumatic 
odour  ;  yields  a  limpid,  ultimately  brown  distillate,  consisting  of  water, 
wood-spirit,  empyreumatic  oil  and  vinegar,  at  the  same  time  giving  off 
combustible  gases  ;  and  leaves  a  carbonaceous  residue  which  burns 
easily  and  completely  in  contact  with  the  air.  —  The  pith  of  the  elder 
tree,  of  sunflower  stalks,  and  of  burdock  roots  turns  brown  at  210°, 
and  becomes  somewhat  tough  (Schaffner) ;  cellulose  after  being 
browned  by  heat  is  less  hydroscopic  than  before  (Rumf ord) ;  even  cel- 
lulose prepared  from  coffee-beans  smells  when  heated  like  that 
separated  from  wood  and  not  like  burnt  coffee.  (Rochleder.)  — 
Linen  fibre  carefully  heated  in  a  glass  tube  till  it  turns  yellow,  be- 
comes thinner  and  more  shining  than  cotton,  which,  when  similarly 
treated,  becomes  more  distorted  and  woolly  (this  character  may  serve 

I  for  the  detection  of  cotton  in  linen).     (Bcittger,  J.  pr.  Chem.  30,  257 ; 

I  Ann.  Pharm.  47,  329.) 

3.  Cellulose  when  se^  o?i^re  burns  with  flame  and  without  leaving 
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any  residue.  —  Cotton  saturated  with  aqueous  chlorate  of  potash  burns 
away  Hke    gunpowder.     (Dumas,    Compt.   rend.   23,    984.)     Cellulose 
mixed  with  potassium  or  sodium  burns  with  a  bright  light  and  leaves 
charcoal.     (Gay-Lussac  &  Thenard.)  —  Paper  soaked  in  a  solution  of 
1  pt.  pearl-ash  in  4  pts.  water,  or  linen  or  cotton  cloth  soaked  in  a 
solution  of  1  pt.  pearl-ash  in  2  pts.  water,  and  then  dried,  chars  when 
held  in  a  flame,  but  does  not  take  fire.     (Kirchhoff,  Scher.  Nord.  Bl.  1. 
122.)  —  Cloths     repeatedly    steeped     in    alum-solution    and     then 
moistened  with  ammonia,  or  steeped  in  chloride  of  calcium  solution, 
and  then  treated  with  carbonate  of  potash,  are  difficult  to  set  on  fire  ; 
and  cloths  steeped  in  subacetate  of  lead,  and  afterwards  moistened 
with  sal-ammoniac,  ammonia,  or  alum,  will  not  take  fire  at  all,  but 
when  held  in  a  flame,  merely  glimmer  away  like  tinder.     (Morin,  J, 
Pharm.  27,  296 ;  J.  pr.  Chern.  24,  281.)  —  The  combustibility  of  tissues 
is  diminished,   or  they  are  made   to  burn  without  flame,  by  steeping 
them  in  aqueous  solutions  of  hydrochlorate,   sulphate,   phosphate  or 
borate  of  ammonia,  or  in  mixtures  of  equal  parts  of  hydrochlorate  and  phos- 
phate of  ammonia,  or  in  borax,  or  in  mixtures  of  equal  parts  of  borax  and 
sal-ammoniac.     (Gay-Lussac,  Ann.  Chim.  Phys.  18,  211 ;  Schw.  34,  245.) 
—  Tissues  are  rendered  incombustible  by  steeping  them  in  a  solution 
of  sulphate  of  zinc,  and  then  drawing  them  through  aqueous  ammonia, 
so  that  oxide  of  zinc  is  precipitated  upon  them  (Morin),  or  by  steeping 
in  aqueous  sulphate  of  soda  (Smith,  N.  Phil.  Mag.  34,  116 ;  Dingl.  Ill, 
382),  or  in  aqueous  sulphate  of  ammonia,  or  in  aqueous  tungstate   of 
soda  of  28°  Tw.  mixed  with  3  p.  c.  phosphate  of  soda.     Tungstate  of 
soda  is  the  only  salt  that  can  be  used  for  fabrics  which  have  to  be 
washed  and  ironed,  because  the  sahne  film  which  it  leaves  on  the  stuff 
when   dry   is   smooth   and  glossy,  and  allows   a   hot  iron   to   pass 
smoothly  over  its  surface,  a  condition  not  fulfilled  by  any  of  the  other 
salts  above-mentioned.     The  addition  of  phosphate  of  soda  is  to  pre- 
vent the  formation  of  an  insoluble  bitungstate.     (Versmann  &  Oppen- 
heim.  Communication  read  before  the  British  Association,   15  Sept.  1859  ; 
Pharm.  J.  Trans.  [2],  1,  385;   Chemical  News,  1860,  20.) 

4.  Cellulose  distilled  with  peroxide  of  manganese  and  sulphuric  acid 
yields  formic  acid  and  a  peculiar  substance,  which  may  for  the 
most  part  be  removed  by  distillation  after  the  acid  has  been  neutral- 
ised.    (Gmelin,  Pogg.  16,  55.) 

5.  Cellulose  is  decomposed,  with  evolution  of  carbonic  acid  by 
chlorine  in  presence  of  water  and  under  the  influence  of  heat;  a 
similar  reaction  is  produced  by  hypochlorites.  Compare  Bastick's  statement 
with  respect  to  starch  (p.  84).  _  Cotton,  raw  flax,  or  hemp  treated  for  a 
long  time  with  aqueous  chlorine  or  chloride  of  lime  becomes  pulveru- 
lent, and,  if  heated  to  redness  after  being  washed  and  dried,  gives  off 
a  mixture  of  carbonic  oxide  and  one  or  more  gaseous  hydrocarbons 
C^IP.  (Morin,  Ann.  Chim.  Phys.  49,  311 ;  Bull,  univers,  50,  337;  Schw. 
66,  362.)— Cellulose  bleached  with  chlorine  still  retains  a  certain 
quantity  of  that  element,  even  after  careful  washing  with  water  and 
aqueous  alkah.  (Leykauf,  J.  pr.  Chem.  21,  316.)  — On  the  bleaching  of 
paper-pulp  with  chloride  of  lime,  see  Darnis  {Dinffl.  137,  376);  De  Koninck  {Dingl. 
144,  359) — By  steeping  in  saturated  chlorine-water,  and  moistening 
after  a  mmute  with  excess  of  ammonia,  the  fibre  of  Phormium  tenax 
becomes    bright  red;    ItaHan  hemp,   orange -yellow,  darker  after  a 
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minute ;  French  hemp,  after  rotting  in  tanks,  darker,  but  not  so 
strongly  coloured  as  the  fibre  of  Phormium  tenax.  French  linen  is 
less  deeply  coloured  than  hemp;  cotton  but  very  slightly.  (Gaudi- 
chaud ;  Payen ;  Boussingault,  Compt.  rend.  29,  492.) 

6.  By  dry  iodine,  moist  cellulose  is  decomposed  at  150°,  with  evolu- 
tion of  carbonic  acid,  in  the  same  manner  as  by  chlorine.  —  Cellulose 
is  not  coloured  by  an  aqueous  solution  of  iodine  (Payen,  Schleiden) ; 
but  it  is  blued  if  subsequently  treated  with  oil  of  vitriol  (Payen, 
Schleiden,  Schacht),  or  if  previously  boiled  with  potash  (Schleiden, 
Mitscherlich) ;  also  if  subjected  to  the  action  of  a  solution  of  chloride 
of  zinc  and  iodine  (F.  Schulze,  Schacht,  Radlkofer) :  see  Decompositions  by- 
oil  of  vitriol,  potash  and  chloride  of  zinc. 

The  cellular  tissue  of  the  following  plants  is  directly  blued  by 
aqueous  iodine :  Cetraria  islandica  (Mej^er) ;  the  embryo  cells  of 
Scholia  latifolia,  Sch.  speciosa,  Hymencea  Courbaril,  Mucuna  urens,  and 
Tamarindus  indica,  because  they  consist,  not  of  cellulose  but  of  vegetable 
amyloid  (p.  76)  (Schleiden).  Trecul  {Compt.  rend.  47,  687)  rejects 
this  term,  and  regards  the  kind  of  cellular  membrane  which  is 
directly  blued  by  iodine  as  in  a  state  of  transition  between  amorphous 
starch  and  true  cellulose.  He  observed  the  direct  blueing  by  iodine 
in  the  cellular  tissue  of  several  phanerogamous  plants,  in  the  epidermis 
cells  and  the  lower  cuticular  tissue  of  Ornithogalum  pyrendicum,  0. 
narbonense,  0.  longibracteatum,  Scilla  autumnalis,  but  not  constantly; 
very  faintly  also  in  the  embryo-cells  of  Tamarindus  indica  and  Mucuna 
urens;  of  various  degrees  of  intensity,  but  always  distinct,  in  the 
albumen-cells  of  Iris  jjsuedo-acoriis,  I.  sihirica,  &c.,  Tulipa  sylvestrisy 
Ornithogalum  pyrendicum,  0.  longibracteatum,  0.  narbonense,  &c.,  Morob 
iridio'idis,  Agraphis  campanulata,  &c.,  Hyacinthus  orientalis,  Uroj^etalum 
scrotinum,  Gladiolus  psittacus,  Muscari  racemosum,  Cypella  plumbea, 
Scilla  amcena,  &c.,  Bellevalia  romana,  Polygonatum  latifolium,  &c..  As- 
paragus amarus,  Libertia  panicidata,  &c. ;  on  the  other  hand,  the 
embryo-cells  of  Hymenma  Courbaril  were  not  blued,  and  those  of  Mim- 
useps  Kummel  only  after  boihng  for  a  short  time  with  water. 

7.  By  immersion  in  strong  nitric  acid,  or  in  a  mixture  of  nitric  acid 
and  oil  of  vitriol,  or  of  nitre  and  oil  of  vitriol,  cellulose  is  converted, 
without  dissolving  or  undergoing  any  alteration  of  form,  into  a  mix- 
ture of  several  explosive  nitrogenous  compounds,  called  gun-cotton 
or  pyroxylin. — More  dilute  nitric  acid  corrodes  cellulose,  producing 
substances  allied  to  or  identical  with  starch,  gum,  pectic  acid,  and  malic 
acid,  and  dissolves  it  after  prolonged  boihng,  in  an  entirely  decomposed 
state,  producing  apparently  oxaHc  and  suberic  acids. 

On  the  formation  of  gun-cotton  (see  page  168.) 

Cotton,  linen,  or  paper  immersed  for  two  or  three  minutes  in  nitric 
acid  of  sp.  gr.  1-5  acquires  the  texture  of  parchment  and  is  rendered 
impervious  to  hght  and  water,  because  it  becomes  covered  with  a  film 
of  xyloidm  (p.  106). 

Paper  immersed  in  cold  strong  nitric  acid  swells  up  to  a  jelly,"which 
gives  a  blue  colour  with  iodine  on  isolated  spots,  and  therefore  contains 
starch ;  if  the  paper  is  sufficiently  decomposed,  it  leaves,  after  washing 
with  water — which  appears  to  dissolve  malic  acid — a  translucent 
brownish,  compact,  horny  mass,  which,  when  heated,  softens,  swells 
up,  and  leaves  a  shining  charcoal.  (Gmelin). 

Flax   and  paper  become   gelatinous   by  four  days'  immersion  in 
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fuming  nitric  acid,  nitrous  gas  being  at  the  same  time  evolved ;  after 
washing  with  water  and  aqueous  ammonia,  the  flax  is  yellow,  the 
paper  colourless,  and  both  have  the  composition  and  structure  of 
woody  fibre,  — whence  it  appears  that  the  acid  has  merely  removed 
foreign  matters,  without  converting  the  woody  fibre  into  xyloidin. 
(Mulder,  J.  pr.  Chem.  39,  150). 

By  immersion  for  a  few  seconds  in  nitric  acid  of  ordinary  strength, 
hemp  appears  pale  yellow,  flax  remains  unaltered.  New  Zealand  hemp 
{Phormium  tenax)  immediately  becomes  blood-red ;  the  latter  coloration 
is  produced,  even  after  bleaching  or  after  the  fibre  has  been  treated  with 
aqueous  potash.  This  reaction  may  therefore  serve  for  the  detection 
of  New  Zealand  hemp-fibre  in  fabrics.  (Vincent,  Compt.  rend.  24,  542). 
— The  fibres  of  the  following  plants  are  coloured  pale-red: — Cocos  nuce- 
fera  and  C.  aurara ;  several  species  of  Cordyline,  Pandanus  and  Agave ; 
Maurilia  Jlexuosa ;  several  species  of  Cissus ;  Phillandriim  aquaticum^ 
Raphanus  sativus;  Ahacahom.  Manilla  ;  two  species  of  Protras.  (Gaudi- 
chaud;  Payen;  Boussingault,  Compt.  rend.  24, 542). — The  colouring  is  due 
to  the  incrusting  substances.  (Vincent.)  Cotton  is  scarcely  or  not  at  all 
coloured  by  nitric  acid,  whereas  animal  fibres  are  coloured  perma- 
nently yellow.  This  reaction  may  serve  for  the  detection  of  cotton 
in  woollen  textures.  (Bottger,  J.  pr,  Chem.  30,  257 ;  Ann.  Pharm.  47, 
329.) 

Swedish  paper  is  not  at  all  decomposed  by  immersion  in  cold  nitric 
acid  of  sp.  gr.  1*2,  and  but  slightly  in  the  acid  heated  to  100° 
(Mitscherhch). — Deal-shavings  boiled  with  10  pts.  commercial  nitric 
acid  and  2  pts.  water  as  long  as  red  vapours  are  evolved,  are 
converted,  with  simultaneous  formation  of  oxalic  acid,  into  a  white 
pasty  mass  which,  according  to  Sacc  {N.  Ann.  Chim.  Phys.  25,  218)  is 
pectic  acid,  according  to  Porter  {Ann.  Pharm.  71,  115),  a  peculiar  acid 
different  from  pectic  acid,  (see  Pectic  acid). 


8.  By  oil  of  vitriol  woody  fibre  (cotton)  is  first  rendered  porou 
then  dissolved,  and  the  solution  yields  with  water  a  gelatinous  pr 
cipitate  insoluble  in  water  and  destitute  of  optical  rotatory  power. 
By  prolonged  immersion  in  the  solution,  this  substance  is  converted 
into  a  second  gelatinous  mass,  also  non-rotatory,  but  soluble  in  water 
(soluble  woody  fibre) ;  subsequently  wood-dextrin  is  formed,  a  sub- 
stance having  much  less  rotatory  power  than  dextrin  from  starch,  and 
converted  into  sugar  by  boihng  with  dilute  sulphuric  acid.  (Bechamp, 
Compt.  rend.  42,  1213 ;  N.  Ann.  Chim.  Phys.  48,  461 ;  Ann.  Pharm.  100, 
367 ;  J.  pr.  Chem.  69,  449). — Woody  fibre  heated  with  moderately 
concentrated  sulphuric  acid  is  first  converted  into  gum,  and  at  the  same 
time  into  sulphohgnic  acid  (Braconnot) ;  first  into  dextrin  (Payen, 
N.Ann.  Sc.  nat.  Pot.  10,  85),  first  into  starch  (Schleiden,  Mitscherhch), 
then  into  gum  (Schleiden),  into  dextrin  (Mitscherhch),  and  finally — 
by  digestion  of  the  solution  diluted  with  water — into  sugar.  (Bracon- 
not.) The  first  product  is  a  pecuHar  substance,  Wackenroder's  arti- 
ficial starch  (iV.  Br.  Arch.  47,  170),  then  amyloid,  and  then  dextrin. 
(Schacht,  N.  Br.  Arch.  47,  157). — Amorphous  cotton-fibre  separated 
by  solution  of  common  salt  from  its  solution  in  aqueous  cupram- 
monia,  is  converted  into  sugar  by  boihng  sulphuric  acid,  half  an 
hour  sooner  than  cotton  in  its  original  organised  state.  (Schlossberger, 
Ann.  Pharm.  110,  247.) — Cellulose,  prepared  from  coffee-beans,  is  con- 
verted by  36  hours'  boihng  with  moderately  strong  sulphuric  acid,  only 
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iiito  a  mass  which  dissolves  partially,  with  dark  colour,  in  water. 
(Rochleder.)  When  linen  or  paper  is  heated  with  water  containing 
sulphuric  acid,  in  a  Papin's  digester,  to  a  temperature  short  of  200°, 
onl}^  a  small  portion  of  it  becomes  soluble,  and  is  converted  into  sugar. 
(Gmelin.) — On  the  preparation  of  sugar  and  alcohol  from  sawdust,  with  sulphuric 
acid,  see  Arnould  {Compt.  rend.  39,  807  ;  hist.  1854,  366). 

In  consequence  of  these  alterations,  cellulose  which  has  been 
treated  with  sulphuric  acid,  assumes  with  iodine,  a  violet,  a  blue,  and 
ultimately  a  wine-red  colour.  Very  young  cellular  tissue  is  not 
coloured  blue  by  iodine  after  treatment  with  oil  of  vitriol,  because  it 
does  not  yet  consist  of  true  cellulose  or  woody  fibre ;  older  cellular 
tissue  is  blued  immediately  under  the  same  circumstances,  and  whereas 
young  cellular  tissue  treated  with  iodine  and  strong  sulphuric  acid, 
often  turns  brown  immediately,  without  blueing,  older  tissue  requires 
to  be  treated  with  concentrated  sulphuric  acid  before  it  will  give  a 
blue  colour  with  iodine  ;  very  old  tissue  requkes  even  to  be  treated 
with  aqueous  potash,  before  it  will  give  the  reaction  with  iodine  and 
sulphuric  acid.  (Trecul,  Compt.  rend.  47,  688.) — Cellular  tissue  is  turned 
blue  by  iodine,  if  it  has  been  previously  subjected  for  half  a  minute  to 
the  action  of  a  mixture  of  1  pt.  water  and  3  pts.  oil  of  vitriol 
(Schleiden ;  Liebig ;  Schacht,  N.  Br.  Arch.  14,  25)  ;  if  it  be  saturated 
with  a  moderately  strong  solution  of  aqueous  biniodide  of  potassium, 
and  bihydrated  sulphuric  acid  then  dropped  upon  it.  (Schleiden). 
Cotton  is  coloured  green  by  tincture  of  iodine,  if  it  has  been  previously 
macerated  with  a  mixture  of  1  pt.  oil  of  vitriol  and  2  pts.  water ;  dark 
blue,  if  previously  treated  with  a  mixture  of  2  pts.  oil  of  vitriol  and 
1  pt.  water.  (Reinsch).  Amorphous  cellulose  separated  from  aqueous 
cuprammonia,  by  means  of  common  salt,  acquires  a  fine  violet  or 
wine-red  colour  without  previous  treatment  with  sulphuric  acid,  and 
if  moistened  with  a  drop  of  oil  of  vitriol,  and  then  treated  with  iodine, 
it  exhibits  a  splendid  blue  colour  (Schlossberger,  Ann.  Pharm.  110,  247). 

The  acid  solution  separated  by  filtration  from  cellulose  altered  by 
sulphuric  acid,  turns  iodine  blue,  and  contains  a  body  which  is  thrown 
down  by  water  in  white  flocks,  and  by  alcoholic  iodine  as  a  dark  blue 
precipitate  (soluble  cellulose  ?  Schw.).  (Liebig,  Reinsch.)  —  After  cotton 
has  been  treated  for  an  hour  with  oil  of  vitriol,  the  acid  is  no  longer 
precipitated  by  water.     (Mulder,  J.  pr.  Chem.  39,  152.) 

Cellulose  treated  with  oil  of  vitriol  is  not  coloured  blue  by  alcoholic 
iodine,  if  it  has  been  previously  immersed  in  water  (the  iodine  in  this  case 
being  merely  separated.)  (Liebig.)  The  blued  cellulose  loses  its  colour 
when  heated  with  water,  and  does  not  recover  it  on  cooling  or  after 
gi'adual  addition  of  iodine  (Liebig) ;  it  loses  its  colour  in  a  large 
quantity  of  water  (Mulder),  especially  if  triturated  with  a  considerable 
quantity  of  water,  and  then  appears  rotten ;  treated  with  water  and 
alcoholic  iodine,  it  turns  brown,  from  precipitation  of  iodine ;  after 
being  treated  with  oil  of  vitriol  mixed  with  1\  pt.  water,  it  is  not 
blued  again  by  alcoholic  iodine,  but  is  decolorised  by  a  large  quantity 
of  water,  provided  however  the  action  of  the  oil  of  vitriol  has  not  gone 
beyond  a  certain  limit  (Reinsch), —  that  is  to  say,  provided  unaltered 
cellulose  is  still  present.     (Gm.) 

The  blueing  of  cellulose  which  has  been  treated  with  sulphuric 
acid,  by  iodine,  is  due  to  the  formation  of  starch  (Schleiden,  Schacht, 
Reinsch,  Mitscherlich) ;  it  is  no  proof  of  the  formation  of  starch,  but 
results  from  the  formation  of  a  body  soluble  in  the  acid  but  precipitated 
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by  water,  and  on  which  the  iodine  is  mechanically  deposited  as  on 
starch.     (Liebig,  Ann.  Pharm.  42,  308.) 

On  the  behaviour  of  cellulose  (cotton)  when  treated  with  oil  of  vitriol  and  iodine 
under  the  microscope,  see  Schacht  (iV.  Br.  Arch.  47,  157)  ;  Payen  {Compt  rend.  23, 
999);  Mitscherlich. 

Cellulose,  before  dissolving  in  oil  of  vitriol,  swells  up  and  becomes 
translucent.  —  This  property  may  be  apphed  to  the  detection  of  linen 
and  cotton  threads  in  woollen  stuffs :  when  such  stuffs  are  immersed 
for  a  quarter  of  an  hour  in  oil  of  vitriol,  the  linen  and  cotton  fibres 
swell  up  to  a  pasty  mass,  while  the  woollen  threads  remain  unaltered. 
(Bottger,  J.  pr.  Chem.  73,  498.)  —  Further,  as  cotton  dissolves  in  oil  of 
vitriol  more  quickly  than  hnen,  the  admixture  of  cotton  with  hnen 
may  be  recognised  as  follows.  The  cloth,  after  repeated  washing  with 
rain-water,  boihng  with  water,  and  drying,  is  immersed  for  ^  to  2 
minutes  in  oil  of  vitriol,  then  cautiously  squeezed  under  water  with 
the  fingers,  washed  with  water,  dipped  for  a  few  seconds  in  solution  of 
carbonate  of  ammonia,  potash  or  soda,  and  dried,  after  washing  with 
water,  and  drying  between  bibulous  paper.  By  this  treatment  the 
cotton  fibres  are  dissolved,  while  the  linen  fibres  are  merely  rendered 
thinner  and  more  translucent,  according  to  the  duration  of  the  experi- 
ment; the  cotton-fibres  also  become  transparent  after  a  short  immersion, 
while  the  Mnen  fibres  are  still  white  and  opaque.  (Kindt,  Ann.  Pharm. 
61,  253.) 

When  paper  is  immersed  for  half  a  minute  in  oil  of  vitriol  of  66° 
and  immediately  washed,  first  with  pure,  then  vnth  slightly  ammonia- 
cal  water,  a  substance  very  much  like  parchment  is  obtained :  the 
Papyrine  of  Poumarede  &  Figuier  {Mem.  sur  le  Ligneux  et  sur  quelques 
produits  qui  lid  sont  isomeres,  Paris,  1847), —  the  Vegetable  parchment  of 
Hofmann  and  Warren  De  La  Pue  {Ann.  Pharm.  112,  243  ;  J.pr.  Chem. 
78,  488).  —  This  substance  is  prepared,  according  to  Gaine  {Ann.  Pharm. 
112,  224)  by  dipping  unsized  paper  in  a  mixture  of  -J  vol.  water  and  1 
vol.  oil  of  vitriol ;  according  to  Hofmann,  in  a  mixture  of  ^  to  i  vol.  water 
and  1  vol.  oil  of  vitriol,  and  washing  with  ammonaical  water.  If  the 
sulphuric  acid  is  only  slightly  weaker  the  transformation  is  very  im- 
perfect ;  and  if  the  paper  be  left  too  long  in  strong  sulphuric  acid,  or 
at  a  temperature  above  15°,  carbonisation  or  solution  takes  place. 
(Hofmann ;  compare  Reinsch  Dingl.  156,  156 ;  Chem.  Centr.  1860, 
491 ;  Dullo,  Dingl.  158,  392 ;  Chem.  Centr.  1860,  25.) 

Such  parchments  may  be  formed  not  only  from  papers  containing 
flax-fibres,  but  likewise  from  those  which  contain  cotton-fibres  —  from 
the  latter,  indeed,  more  quickly.  (Dullo.)  They  are  horny  on  the  sur- 
face only ;  have  the  composition  of  pure  cellulose ;  five  times  the  co- 
hesion of  the  paper  from  which  they  are  produced,  and  three-fourths 
as  much  as  animal  parchment ;  offer  considerable  resistance  to  chemi- 
cal reagents  ;  and  when  immersed  in  water,  even  at  the  boiling  heat, 
merely  soften  and  swell  up,  but  recover  their  original  state  when  dry. 
(Hofmann.) 

Swedish  paper,  immersed  for  4  weeks  in  oil  of  vitriol,  became  black 
and  hygroscopic,  and  contained,  after  deducting  ash,  68*04  p.  c.  C, 
3*37  H.,  and  27*99  0. ;  sulphohgnic  acid  was  found  in  the  solution ; 
after  12  weeks,  it  was  converted  into  carbonaceous  matter  of  similar 
composition.     (Marchand,  J.  pr.  Chem.  35,  199.) 

Cellulose  distilled  with  oil  of  vitriol  (also  with  phosphoric  acid  or 
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chloride  of  tin)  yields  before  carbonisation,  a  volatile  oil,  then  formic 
acid  (sulphurous  acid  ?  Gm.)  The  volatile  oil  smells  of  cinnamon  and 
prussic  acid.  (Emmet,  Sill.  Am.  J.  32,  140 ;  J.  pr.  Chem.  12,  120.) 
By  the  use  of  sawdust  or  chaff,  Stenhouse  obtained  furfurol.  (Fhil. 
Mag.  J.  18,  122  ;  Ann  Pharm.  35,  301.) 

9.  Cellulose  is  converted  by  strong  hydrochloric  acid,  in  the  same 
manner  as  by  oil  of  vitriol,  into  soluble  cellulose  and  wood-dextrin. 
(Bechamp.)  The  solution  of  cotton  in  fuming  hydrochloric  acid,  which 
is  precipitable  by  water,  does  not  possess  any  optical  rotatory  power. 
(Bechamp,  Compt.  rend.  51,  255.) 

10.  Heated  with  henzoic  acid  to  200°  for  50  or  60  hours,  or  in 
contact  with  benzoic  acid  and  oil  of  vitriol  at  ordinary  temperatures, 
cotton  forms  a  compound  similar  to,  or  identical  with  benzo-glucose. 
(Berthelot,  N.  Ann.  Chim.  Phys.  60,  111.)  —  Cotton  heated  with 
lutyric  acid  and  oil  of  vitriol  to  100°  for  50  or  60  hours,  yields  traces 
of  butyro- glucose  (Berthelot) ;  and  when  heated  with  stearic  acid  to 
200°  for  50  or  60  hours,  it  yields  stearo-glucose.     (Berthelot.) 

11.  Gaseous  fluoride  of  boron  blackens  cellulose  almost  instantly. 
(Berthelot,  Compt.  rend.  47,  227.) 

12.  Cellulose  heated  to  150°  for  several  days  with  concentrated 
aqueous  ammonia,  is  converted  into  a  solid,  brown,  gummy  mass, 
which  has  a  bitter  taste,  smells  when  heated  Hke  roast  meat,  and 
deliquesces  on  exposure  to  the  air.  Its  solution  may  be  decolorised  by 
animal  charcoal,  and  is  precipitated  by  infusion  of  galls.  This  mass 
fused  with  sticks  of  potash  gives  off  a  quantity  of  ammonia  correspond- 
ing to  2*5 — 3  p.  c.  nitrogen,  but  it  does  not  give  off  ammonia  when 
boiled  with  potash-ley  or  milk  of  lime.  (Schutzenberger,  Zeitschr.  Ch. 
Pharm.  4,  65.  —  Comp.  P.  Thenard,  Compt.  rend.  52,  444  ;  abstr.  Rep. 
Chim.  pure,  3,  207.) 

13.  When  cellulose  is  heated  with  3  pts.  of  melting  potash  and  a 
small  quantity  of  water  for  a  long  time,  and  at  last  nearly  to  redness, 
it  gives  off  hydi'ogen  with  intumescence  and  without  separation  of 
charcoal,  and  forms  oxalate  of  potash.  (Gay-Lussac,  Ann.  Chim.  Phys. 
41,  398;  Pogg.  17,  171;  Schw.  58,  87.)  —  Caustic  potash  at  high 
temperatures  forms  from  cellulose,  first  formic  acid,  then  ulmic  acid. 
(Peligot,  Compt.  rend.  9.  135.)  —  Aqueous  potash  of  sp.  gr.  1*5  boiled  with 
cellulose  dissolves  it  with  brown  colour;  the  ulmic  acid  contained  in 
the  solution  disappears  on  heating  the  liquid  to  200°  —  225°  for  four 
or  five  hours,  oxalic,  acetic,  formic,  and  carbonic  acids  being  formed  at 
the  same  time.  100  pts.  of  sawdust  and  300  pts.  hydrate  of  potash 
yield  70  pts.  of  oxahc  acid,  which  decomposes  partially  when  the  solu- 
tion is  strongly  heated.  (Possoz,  Compt.  rend.  47,  907 ;  J.  pr.  Chem. 
76,  314.)  When  paper  is  fused  with  4  pts.  hydrate  of  potash,  the  pale 
yellow  mass  which  forms  with  strong  intumescence,  contains  oxahc 
acid,  yielding  a  quantity  of  oxalate  of  lead  equal  to  46*4  p.  c.  of  the 
weight  of  the  paper.     (Buchner  &  Herberger,  Pepert.  S8,  189.) 

Cellulose  moistened  with  water,  and  heated  in  a  retort  with  an 
equal  weight  of  hydrate  of  potash,  yields  hydrogen  and  a  large 
quantity  of  wood-spirit.  (Pehgot,  Ann.  Chim.  Phys.  72,  208.)  —  Wood- 
shavings  and  linen  heated  in  like  manner  with  aqueous  potash  till  the 
liquid  is   evaporated  down,  give  off  a  small  quantity  of  water  and 
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empyrcumatic  oil ;  while  the  'residue  contains  acetate  of  potash  and 
a  humoidal  substance  precipitable  by  acids.  (Braconnot.)  The  same 
mixture  more  strongly  heated  gives  off  carburetted  hydrogen  gas,  and 
the  residue  in  contact  with  water  and  oxygen  forms  humoid  substance. 
(Chevreul,  Mem.  du  Mus.  1825,  379 ;  Sprengel,  Kastn.  Arch.  81,  170.) 
Cellulose  is  not  altered  by  boiling  with  weak  potash-ley  (Payen) ; 
by  strong  potash-ley  it  is  converted  into  starch  (Schleiden) ;  dissolved 
with  previous  intumescence  and  converted  into  sugar.  (Barreswil  & 
Rilliet,  N.  J.  Pharm.  21,  205.)  Hence  cellulose  boiled  with  aqueous 
potash  or  with  hydrate  of  potash  acquires  a  colom'  varying  from 
violet  to  blue  (Mitscherlich)  ;  similarly,  vegetable  cellular  tissue  mixed 
with  aqueous  potash  and  evaporated  down  to  a  saline  crust,  loses  its 
colour  again  when  boiled  with  water,  becomes  blue  with  iodine  only 
when  again  treated  with  potash,  and  is  finally  converted  by  treat- 
ment with  potash  into  ulmin.  (Schleiden,  J. 7^7^.  Fharm.  42,  301.)  — 
The  property  of  linen-fibre  to  acquire  a  deep  yellow  colour  by  boiling 
with  a  mixture  of  equal  quantities  of  water  and  potash-hydrate, 
whereas  cotton  is  little  or  not  at  all  coloured  by  it,  is  applied  by 
Bottger  {J.  pr.  Chem.  30,  257 ;  Ann.  Pharm.  47,  329)  to  the  detection 
of  cotton  in  linen. 

14.  A  concentrated  aqueous  solution  of  chloride  of  zinc,  heated  with 
cellulose,  dissolves  it  with  tumefaction,  but  without  colour,  and  con- 
verts into  a  modification  of  cellulose,  afterwards  into  sugar.  (Barres- 
wil &  Rilliet,  N.  J.  Pharm.  21,  205  ;  J.  pr.  Chem.  56,  58.) 

As  soon  as  cellulose  comes  in  contact  with  aqueous  chloride  of  zinc, 
it  is  coloured  dark  blue  by  iodine  (Barreswil  &  Rilliet) ;  hence  it  is 
immediately  blued  by  an  aqueous  solution  of  iodated  chloride  of  zinc  (F. 
Schulze),  although  no  gradual  solution  or  change  of  form  takes  place. 
(Radlkofer,  Ann.  Pharm..  94,  332.)  —  To  prepare  the  solution  of  iodated 
chloride  of  zinc,  a  solution  of  zinc  m  hydrochloric  acid  is  evaporated  to 
a  syrup  with  excess  of  zinc ;  iodide  of  potassium  is  dissolved  in  it  to 
saturation ;  iodine  is  then  added,  and  the  liquid  is  diluted,  if  necessary, 
with  water  (Schacht,  Das  Mikroskop,  &c.,  Berlin,  1851,  31);  or  better, 
the  neutral  syrup  is  diluted  with  distilled  water  to  sp.  gr.  1*8  at  15°, 
and  6  p.  c.  iodide  of  potassium  is  dissolved  in  it,  together  with  as  much 
iodine  as  it  will  take  up.     (Radlkofer.) 

Paper  dipped  into  a  strong  solution  of  chloride  of  zinc,  is  converted, 
in  the  same  manner  as  by  sulphuric  acid,  into  vegetable  parchment. 
(Dsillo,  Dingl.  158,  392;   Che?n.  Centr.  1861,  25.) 

15.  When  an  aqueous  solution  of  bichloride  of  tin  is  left  to  dry  upon 
cotton  or  linen,  and  then  heated  to  120°  —  130°,  the  substance  is 
blackened  in  consequence  of  the  formation  of  caramehn.  (Maumencj 
Compt.  rend.  30,  314 ;  39,  422.) 

16.  Cellulose  is  not  fermentahle.  When  slices  of  fresh  potatoes  are 
immersed  in  water  at  low  temperatures,  together  with  shoes  of 
putrifying  potatoes,  the  cells  of  the  fresh  potatoes  separate  from  one 
another,  and  the  filtered  water  contains  a  ferment  which  decomposes 
slices  of  fresh  potatoes  in  the  same  manner ;  the  disintegrated  cellular 
tissue  finally  dissolves,  whereas  the  starch-granules  remain  unaltered. 
The  ferment  thus  produced  acts  only  upon  cellulose ;  just  as  in  the 
potato-disease,  only  the  cellulose  is  attacked. 
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Comhinations.     Cellulose  is  insoluble  in  water. 

With  Bases. — Woody  fibre  (linen)  absorbs  from  70  —  100  volumes 
of  ammonia  gas.  (Walter  Crum,  Ann.  Pharm.  55,  221.) 

Cellulose  luitli  Potash.  When  calico  is  immersed  for  10  to  30  minutes 
in  syrupy  potash-ley,  and  then  washed  with  alcohol  of  sp.  gr.  0*825,  it 
shrinks  on  drying  to  yV'  ^^^^  contains  1472  p.  c.  potash,  corresponding 
to  the  formula  C^^H^^O-^KO  (calc.  14-59  p.  c.)  Gladstone.  {Chem,  Soc. 
Qu.  J.,  5,  17.) 

Cellulose  with  Soda. — When  calico  is  immersed  for  10  —  30  minutes 
in  soda-ley  of  sp.  gr.  1'342,  and  then  washed  with  hot  alcohol  of 
sp.  gr.  0*825  it  shrinks  by  one-fourth  on  drying,  and  contains,  on  the 
average  9*68  p.  c.  soda,  cori'esponding  to  the  formula  C-*II^O^,  NaO 
(calc.  9*65  p.  c).  Common  unwoven  cotton  forms  a  similar  compound ; 
prolonged  immersion  or  the  use  of  stronger  soda-solution  appears  to  pro- 
duce partial  solution  and  decomposition.  Cotton  hkewise  unites  with 
soda  in  other  proportions,  but  never  with  a  greater  quantity  than  that 
contained  in  the  compound  above-mentioned.  A\^ater  extracts  all  the 
soda  from  the  compound,  leaving  a  more  contracted  fibre,  which,  when 
dried,  has  a  more  brilliant  aspect  than  ordinary  woody  fibre.  (Glad- 
stone, Che?Ji.  Soc.  Qu.  J.  5,  17;  J.  pr.  Chem.  56,  247.)  If.  Cotton 
passed  through  a  solution  of  caustic  alkali  of  35° — 39°  Bm.,  then 
washed  in  water,  in  dilute  sulphuric  acid,  and  again  in  water,  contracts 
both  in  length  and  breadth,  acquires  increased  tenacity,  and  takes 
colours  much  better  than  ordinary  cotton.  The  amount  of  alteration 
varies  according  to  the  strength  of  the  solution.  The  same  effect  is 
produced  by  sulphuric  acid  of  48"^  Bm.  at  37*5°,  and  by  chloride  of  zinc 
solution  of  64°  Bm.  at  65°— 71:^°.  (Mercer,  Reji.  Patent.  Invent.  1851, 
358 ;  Dingl.  121,  438  ;  Lieh.  Kopp.  Jahresber.  1851,  747.)     \. 

Cotton  does  not  separate  alumina  from  solution  of  alum  or  acetate  of 
alumina,  Walter  Crum,  Phil.  Mag.  35,  334 ;  /.  pr.  Chem.  50,  123  ;  Erd- 
mann  &  Mittenzwey) ;  but  if  the  solution  of  acetate  of  alumina,  ferric 
acetate,  or  other  salt  containing  a  volatile  acid  is  left  to  dry  upon 
cotton,  tlie  salt  is  decomposed  after  a  short  time,  the  acid  volatilises, 
and  the  base  is  precipitated  on  the  cotton  in  so  close  a  state  of  union, 
that  it  cannot  be  removed  by  washing  with  water.  This  combination 
is  merely  mechanical,  and  is  limited  to  the  inner  surface  of  the  cotton- 
fibres  forming  a  tube.  (Walter  Crum,  Ann.  Pharm.  55,  223). — The 
structure  of  cotton  has  no  influence  on  its  relation  to  the  solutions  of 
metallic  salts ;  organised  cotton  digested  for  24  hours  with  cold-satu- 
rated aqueous  solution  of  alum  at  40°  —  50°,  took  up  no  sulphuric 
acid,  and  only  traces  of  alumina ;  amorphous  cellulose  separated  from 
an  aqueous  solution  of  cuprammonia  did  not  take  up  any  thing  from  a 
10  per  cent,  solution  of  alum.  (Erdmann  &  Mittenzwey.) 

The  dyeing  of  cotton  depends  upon  its  mechanical  surface-attraction 
for  certain  colouring  matters.  (Walter  Crum,  Erdmann  &  Mittenzwey), 
consequently  organised  as  well  as  amorphous  cotton  may  be  dyed 
(BoUey,  Ann.  Pharm.  106,  235 ;  Dingl.  148,  142  ;  J.  pr.  Chem.  74, 
381) ;  but  it  does  not  take  up  solutions  of  metallic  salts  or  mordants 
(Verdeil,  Compt.  rend.  47,  961 ;  J.  pr.  Chem.  77,  58). — To  dye  cotton, 
flax,  and  hemp,  in  such  a  manner  that  they  may  not  lose  their  colour 
by  washing  or  rubbing,  the  colouring  matter  which  has  penetrated 
the  fibre  must  be  rendered  insoluble,  since  these  fibres,  unlike  those  of 
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wool  or  silk,  do  not  possess  any  actual  attraction  for  colouring  matter 
mixed  with  mordants.  (Verdeil.) — Runge  regarded  dyed  cotton  as  a 
chemical  compound  of  the  mordant-base,  colouring  matter,  and 
woody  fibre ;  but  since  dyed  cotton  dissolves  for  the  most  part  in  an 
ammoniacal  copper- solution,  just  like  woody-fibre,  leaving  the  mor- 
dant-base and  the  colouring  matter  undissolved,  this  view  can  scarcely 
be  correct.  (BoUey,  A7in.  Pharm.  106,  235;  J,  pr.  Chem.  94,  381). 

Cotton  digested  even  for  a  long  time  with  hydrated  ferric  oxide  does 
not  take  up  any  of  the  oxide.  (Verdeil.) 

With  Copper. — Cellulose  dissolves  in  aqueous  hasie  hyposulphate  or  hasic 
sulphate  of  cuprammonium  (Schweizer,  J.  pr.  Chem.  72,  109;  Chem.  Centr. 
1858,  49);  most  easily  in  aqueous  Jaszc  car5o/ia^eo/cMj9rm/i?7iomw?/i  (Sch- 
weizer, J.  pr.  Chem.  76,  344),  in  aqueous  oxide  of  cuprammonium  (Peligot, 
Compt.  rend.  47,  1034). — Erdmann  ( J",  j^r.  Chem.  76,  385)  maintains — in  opposition 
to  the  opinion  of  Schweizer,  Cramer,  and  others — that  this  liquid  is  not  a  true  homo- 
geneous solution,  but  a  liquid  similar  to  gelatinous  starch,  merely  containing  the  cellu- 
lose in  a  swollen  state. 

To  prepare  the  copper-solution  (called  Cuoxam  by  Cramer),  basic 
hyposulphate  of  copper  (4CuO,S'0^)  or  basic  sulphate  of  copper,  is 
dissolved  in  aqueous  ammonia  ;  or  the  precipitate  formed  by  carbonate 
of  soda  in  a  solution  of  sulphate  of  copper,  is  dissolved,  after  washing 
and  moderate  drying,  in  aqueous  ammonia  of  sp.gr.  0*945  (Schweizer); 
or  recently  precipitated  hydrated  cupric  oxide  is  dissolved  in  strong 
aqueous  ammonia  (Schlossberger) ;  or  aqueous  ammonia,  mixed  with 
a  few  drops  of  sal-ammoniac  (Schweizer),  is  made  to  trickle  through 
copper  turnings  (Peligot) ;  through  cementation-copper,  that  is  to  say, 
metallic  copper  obtained  by  precipitation.  (Peligot.) — The  solvent 
power  of  the  copper- solution  for  cellulose  increases  with  the  amount 
of  copper  contained  in  it,  and  is  diminished  or  completely  annihilated 
by  acids,  salts,  or  sugar.  (Schlossberger.) 

Cotton  immersed  in  aqueous  biphosphate  of  cuprammonium  becomes 
first  gelatinous,  then  slippery,  and  forms  an  almost  transparent  gummy 
liquid,  which  may  be  filtered  after  addition  of  water.  The  cotton -fibre 
before  dissolving  in  the  ammoniacal  copper-solution,  becomes  darker  in 
colour  than  the  liquid  itself.  The  degree  in  which  it  swells  up  depends 
upon  the  concentration  and  mass  of  the  acting  solution ;  in  excess  of 
the  concentrated  copper-solution,  it  dissolves  instantly  without  previous 
tumefaction  (Cramer.)  The  act  of  solution  is  not  attended  with  evo- 
lution of  heat.  (Schweizer.) 

Paper  (Schweizer),  hemp,  and  flax-fibre  are  acted  upon  by  the 
ammoniacal  copper-solution  in  the  same  manner  as  cotton,  excepting 
that  flax-fibre  is  not  uniformly  attacked,  and  consequently  swells  up  in 
knots  here  and  there,  and  shortens  at  the  same  time,  before  dissolv- 
ing. Many  uni-cellular  algae,  many  fungi,  a  few  lichens,  the  bass- 
fibres  of  Cinchona  rubra,  the  pith-cells  of  Hoya  carnosa,  pappus-hairs,  the 
clavate  masses  of  cellulose  in  the  epidermal  cells  of  Ficus  elastica, 
and  cork  (also  the  spongy  cellular  tissue  of  mushrooms  :  Fremy)  are 
not  at  all  altered  by  the  ammoniacal  copper- solution  ;  the  wood-cells 
of  Taxus  haccata  and  Quercus  are  but  slightly  coloured  by  it ;  the  wood- 
cells  of  Finus,  and  the  cells  of  Fucus  vesicidosus,  Caulerpa  prolifera,  &c., 
more  distinctly;  inmost  cases,  however,  wood-cells  swell  up   in  the 
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solution,  and  then  dissolve  more  or  less  quickly.  (Cramer.)  —  From 
some  plant-cells  aqueous  cuprammonia  dissolves  the  pure  cellulose  of 
the  outer  membrane,  leaving  an  inner  membrane,  which  turns  green, 
and  when  treated  with  acids  yields  pectic  acid ;  other  cells  are  not  at 
all  altered  by  the  copper-solution.  Thus  the  bass-fibres  of  all  plants 
and  the  utricular  tissue  of  fruits  dissolve  immediately,  whereas  the 
pith  of  trees  and  the  fibrous  tissue  of  wood  remain  undissolved. 
(Fremy,  Compt.  rend.  48,  202  and  275.)  —  In  cases  in  which  the  action 
of  the  aqueous  cuprammonia  on  woody  fibre  takes  place  slowly  or  not 
at  all,  it  is  generally  the  presence  of  foreign  matters  in  the  wood-cells 
that  prevents  the  solution  from  coming  in  contact  with  the  woody 
fibre ;  hence,  in  many  cases,  the  action  of  the  copper- solution  may  be 
brought  about  by  finer  comminution  of  the  woody  fibre,  or  by  boiling 
it  with  nitric  acid  and  chlorate  of  potash.  (Cramer.)  The  insolubility 
of  woody  fibre  in  aqueous  cuprammonia  may  also  be  caused — inde- 
pendently of  the  presence  of  foreign  bodies  mixed  or  combined — 
by  its  state  of  aggregation,  or  because  the  contact  of  the  solution 
with  the  cellular  tissue  is  prevented  by  the  presence  of  air  between 
the  fibres.  The  pith  of  plants,  which  is  insoluble  in  aqueous  cupram- 
monia, dissolves  when  cut  up.  By  trituration  in  cold  water,  45  p.  c. 
is  rendered  soluble,  or  75  p.  c.  if  the  insoluble  pith  has  been  dried  in 
vacuo  at  110°  before  trituration.  Hackled  flax,  and  even  that 
which  has  been  steeped  in  warm  water,  withstands  the  action  of  the 
copper- solution  for  more  than  six  hours,  whereas  the  fibre  of  Swedish 
paper  dissolves  in  it  immediately ;  hence  no  conclusions  as  to  the 
existence  of  isomeric  modifications  of  cellulose  can  be  drawn  from  its 
more  or  less  easy  solubility  in  aqueous  cuprammonia.  (Payen,  Compt. 
rend.  48,  772.)  Those  kinds  of  cellulose  which  are  insoluble  in  aqueous 
cuprammonia  (excepting  the  spongy  tissue  of  mushrooms)  are 
rendered  soluble  by  boiling  with  dilute  acids  or  aqueous  alkalis. 
(Fremy,  Compt.  rend.  48,  275.)  —  The  solubility  of  cotton  in  aqueous 
cuprammonia  is  not  diminished  by  dyeing  or  mordanting ;  it  still  dis- 
solves, leaving  the  colouring  matter  and  the  mordant.  (Bolley,  J.  pr. 
Chem.  74,  381 ;  Ann.  Pharm.  106,  235.) 

Aqueous  cuprammonia  dissolves  a  quantity  of  cellulose  equal 
in  weight  to  the  copper  which  it  contains.  (PeUgot.)  Its  solvent 
power  is  limited ;  for  when  poured  upon  excess  of  cotton,  it  loses  in  a 
few  minutes  its  capacity  of  dissolving  fresh  quantities  of  cotton,  not 
even  causing  them  to  swell  up.     (Cramer.) 

The  solution  of  cellulose  in  cuprammonia  is  precipitated  by  a  large 
quantity  of  water,  even  without  loss  of  ammonia  by  evaporation,  and 
the  more  abundantly  the  longer  it  stands  (Cramer,  Schlossberger, 
Payen,  Erdmann) ;  by  acids  in  excess  (Schweizer,  Cramer,  Payen),  or 
even  by  a  quantity  of  acid  not  sufiicient  to  saturate  the  ammonia 
(Payen)  ;  by  salts,  even  by  sulphate  of  copper ;  also  by  sugar,  honey, 
a  thick  solution  of  dextrin  or  gum,  and  by  alcohol,  but  not  by  a  strong 
aqueous  solution  of  urea,  by  chloroform  or  by  ether.  The  solution 
when  boiled  gradually  acquires  a  light  blue  turbidity,  and  on  addition 
of  potash  deposits  black  oxide  of  copper.     (Schlossberger.) 

The  flocculent  precipitate  obtained  with  water,  acids,  salts,  sugar, 
&c.,  is  amorphous  cellulose ;  it  possesses  all  the  properties  of  ordinary 
cellulose  excepting  the  structure  (even  the  colouring  power,  according 
to  Bolley),  and  when  dried,  appears  more  or  less  grey,  translucent, 
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brittle,  tasteless,  not  glutinous,  and  resembles  dried  starch-paste 
(Schweizer) ;  if  separated  by  alcohol,  it  is  white  after  careful  washing 
and  drying.     (Erdmann.) 

In  contact  with  basic  acetate  of  lead^  cellulose  (filtering  paper)  swells 
up  considerably,  rendering  filtration  impossible,  and  after  48  hours  is 
converted  into  a  loose  thread-Hke  tissue.  The  compound  formed  after 
sufficiently  prolonged  contact  contains,  after  washing  with  hot  water, 
33-1  p.  c.  oxide  of  lead  (3  PbO,2C2-'H20O'^»  =  34-1  p.  c.)  (Vogel,  N.  Bepert. 
6,  239.) 

Cotton  immersed  in  a  solution  of  plumhate  of  lime  (obtained  by  mix- 
ing neutral  acetate  of  lead  with  lime  till  the  resulting  precipitate  is 
redissolved),  abstracts  the  lead.     (Walter  Crum,  Ann.  Pharm.  55,  227.) 

In  aqueous  solution  of  nickel-ammonia,  cellulose  does  not  swell  up, 
but  remains  colourless  and  undissolved.  (Schlossberger,  J.  pr.  Chem. 
73,  369.) 

In  the  indigo-vat,  cellulose  turns  yellow,  and  on  exposure  to  the  air, 
blue;  but  no  chemical  compound  of  cellulose  with  indigo  is  formed 
(Walter  Crum) ;  it  is  not  coloured  by  solution  of  indigo  or  of  carmine 
and  has  no  attraction  for  these  colouring  matters.  (Maschke,  J.  pr, 
Chem,  76,  47.) 

Cellulose  is  insoluble  in  alcohol,  in  ether,  and  in  oils  both  fixed  and 
volatile. 


First  Appetidix  to  Cellulose. 

1.  Paracellulose. —  The  utricular  tissue  of  the  wood  which  forms 
the  medullary  rays ;  hence  also  in  the  pith  of  trees. —  Soluble  in  oil  of 
vitriol,  strong  hydrochloric  acid,  and  strong  boiling  potash-ley.  Insoluble 
in  aqueous  cuprammonia,  but  becomes  soluble  after  24  hours'  boiling 
with  water,  or  by  treatment  with  acids  or  aqueous  alkalis.  (Fremy, 
Compt.  rend.  48,  667  and  862  ;  N.  J,  Pharm,  35,  321  and  401 ;  abstr. 
Instit.  1859,  121  and  151.) 

2.  Vasculose. —  The  constituent  which  forms  the  vessels  of  wood. 
To  obtain  it,  the  vessels,  as  they  occur  in  nature,  are  first  treated 
with  potash-ley  to  remove  albuminoids,  pectinoids  and  tannin,  then 
repeatedly  with  hydrochloric  acid,  increasing  the  strength  each  time, 
and  with  cold  oil  of  vitriol  to  remove  utricular  and  fibrous  tissues; 
and  the  residual  matter  is  washed  with  water,  alcohol,  and  ether. — ■ 
Vasculose  is  insoluble  in  concentrated  acids,  soluble  in  strong  boiling 
potash-ley  ;  insoluble  in  aqueous  cuprammonia,  (Fremy,  Compt.  rend. 
48,  862  ;  JSf.  J,  Pharm.  35,  401  ;  abstr.  Inst.  1859,  151 ;  Bep,  Chim.purey 
1,  433.) 

3.  Fibrose. —  The  substance  which  forms  the  fibres  of  wood. — Wood- 
shavings  are  boiled  with  strong  potash-ley,  and  washed  with  water, 
alcohol,  and  ether. — White,  easily  turns  mouldy;  according  to  Decaisne, 
it  exhibits  under  the  microscope,  the  structure  of  woody  fibre,  only 
somewhat  enlarged  by  the  prolonged  action  of  the  alkali. —  It  dissolves 
in  oil  of  vitriol,  without  passing  into  dextrin,  and  is  separated  from  the 
solution  by  water  as  a  thick  translucent  jelly.  It  is  insoluble  in  pot- 
ash-Icy and  in  aqueous  cuprammonia.     (Fremy,   Coinpt.  rend.  48,  862 ; 
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^A".  J.  Pharm.    35,  401 ;    abstr.    Inst.    1859,    lol  ;    Rep.    Cldm.    pure^ 
1,  433.) 

4.  Cuthi.  —  In  the  epidermis  (cuticula)  of  leaves,  petals  and  fruits, 
together  with  woodj  fibre,  albumin,  pectino'id  substances  and  fat. 
(Fremy.) — According  to  Payen  {Compt.  rend.  48,  775)  all  the  external 
parts  of  plants,  viz.,  the  epidermis  and  cuticle,  consist  of  cellulose  im- 
pregnated with  fats,  nitrogenous  bodies,  and  inorganic  salts ;  he  denies 
{Compt.  rend.  48,  893),  the  presence  of  any  peculiar  substance  not  con- 
taining nitrogen  or  woody  fibre. 

The  cuticle  of  leaves,  or  the  leaves  themselves,  are  boiled  for  half 
an  hour  with  weak  hydrochloric  acid  and  washed  with  water ;  the 
woody  fibre  is  removed  from  the  residue  by  aqueous  cuprammonia ; 
and  the  undissolved  portion  is  treated  successively  with  water,  hydro- 
chloric acid,  weak  aqueous  potash,  alcohol,  and  ether.  (Fremy.) 

Cutin  exhibits  under  the  microscope,  the  aspect  of  an  amorphous 
perforated  film.  It  is  very  extensible,  contains  73*66  p.  c.  C,  11*37  H., 
and  14*97  0.,  approaching  in  composition  to  the  fats.  (Fremy.). — 
According  to  Payen  {Compt.  rend.  48,  893),  it  is  a  product  of  the  trans- 
formation of  the  cuticle  by  the  reagents  above-mentioned,  and  not  a 
peculiar  constituent  contained  therein. 

It  decomposes  when  heated,  producing  fatty  acids.  It  is  not  decom- 
posed by  cold  nitric  acid,  but  wiien  boiled  with  that  acid  yields  all  the 
products  that  are  formed  in  like  manner  from  the  fats,  especially 
suberic  acid.  It  is  not  altered  by  contact  with  cold  oil  of  vitriol  or 
boiling*  hydrochloric  acid.  It  is  saponified  by  boiling  concentrated 
aqueous  potash,  and  from  the  soap  thus  formed,  a  liquid  fatty  acid  may 
be  separated,  which  is  soluble  in  alcohol  and  ether,  but  appears  to  be 
different  from  oleic  acid.  Outin  is  not  altered  by  dilute  aqueous 
alkalis,  by  ajnmonia,  or  by  anj?-  neutral  solvent. 

Cutin  is  insoluble  in  aqueous  cuprammonia  also  in  ether  (Frcm3^ 
Compt.  rend.  48,  G69  ;  N.  J.  Pharm.  35,  321  ;  abstr.  Inst.  1859, 121  ;  Pep. 
Chim.  pure,  1,  357). 


5.  Suberin. 

FouRCROY.     Systhne,  8,  98  ;  Scher.  J.  8,  288. 

(.'mevreul.    Ann.  Chim.  62,  323  ;  N.  Gehl.  5,  379.— ^W7?.  Chim.  96,  155  ; 

Schw.  16,  327. 
DoppiNG.     Ann.  Pharm.  45,  290. 
Mitscherlich.     Ann.  Pharm.  lb,  310 ;  /.  pr.  Chem.  50,  148. 

KorJcsioff. 

First  investigated  by  Brugnatelli,  then  by  Bouillon-Lagrango, 
Fourcroy,  Link,  and  others. — It  is  the  ciiief  constituent  of  the  outer 
])ark  of  Quercus  Rohiir ;  forms  the  cuticle  of  other  plants  (Fourcroy), 
sometimes  the  amorphous  coherent  integuments  of  the  entire 
plant,  sometimes  only  the  external  cellular  layer  of  the  stem, 
very  often  several  layers,  as  in  potatoes ;  it  also  forms  a  film  over  the 
most  delicate  hairs  of  plants,  which,  hke  cotton,  are  difficult  to  wet 
with  water,  unless  the  cork  has  been  previously  removed  by  oxidising 
substances.  (Mitscherlich.) — Resembles  Fremy's  cutin. — It  is  modified 
woody  fibre.  (Gerhardt,  Traite,  2,  485.) 
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Kasped  cork  is  exhausted  successively  with  water  and  alcohol 
(Chevreul),  with  ether,  alcohol,  and  water  (Mulder,  J.  pr.  Chem.  39, 
155),  and  afterwards  with  dilute  hydrochloric  acid,  which  treatment, 
however,  does  not  remove  cork-resin  (xiii.  204),  a  nitrogenous  sub- 
stance, or  woody  fibre.  (Dopping.) 

Very  light,  soft,  and  elastic ;  of  cellular  structure.  Eeddish  grc\ 
(Dopping).     Not  easily  wetted  by  water. 

Mulder.  Dopping.  Mitsclierlich. 

at  130°. 
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a  and  b  from  cork;  e  from  potatoes  ;  d  from  cork,  carefully  purified  from  the  brown 
substances  which  envelop  it.  It  is  not  exactly  known  whether  the  nitrogen  is  an  essen- 
tial constituent  of  the  suberin  itself,  or  exists  only  in  the  substances  which  adhere  to  it. 

Suberin  yields  by  dry  distillation^  gases,  a  small  quantity  of  acid 
water,  a  colourless,  or  brown  oil,  a  small  quantity  of  ammonia,  a  crys- 
talline oil  which  melts  when  heated,  and  a  sublimate  which  volatilises 
with  a  fatty  odour,  and  leaves  an  easily  combustible  charcoal  aggre- 
gated here  and  there  in  lumps.  (Chevreul.) — It  hums  easily  in  the 
open  fire,  with  tumefaction  and  ;brilliant  white  flame  (Chevreul), 
emitting  a  peculiar  odour  like  that  of  crude  cork  (Dopping),  and 
leaving  a  soft,  loose,  tumefied  coal.  (Chevreul.) — Chloride  of  iodine 
converts  it,  with  evolution  of  hydrochloric  acid,  into  a  mass  which  con- 
tains chlorine  and  iodine;  gives  up  those  elements  to  water  when 
boiled  with  it ;  and  leaves  a  brown-black,  tough,  glutinous  mass,  inso- 
luble in  water,  soluble  in  aqueous  alkalis,  alcohol,  and  ether,  yielding 
by  distillation  iodine,  hydrochloric  acid  gas,  carbonic  oxide,  and  car- 
buretted  hydrogen,  and  leaving  a  carbonaceous  residue.  (Casaseca, 
J.  Pharm.  12,  620  ;  J.  pr.  Chem.  17,  151.) — It  is  oxidised  by  nitric  acid 
of  sp.  gr.  1*2,  even  below  100°,  the  cells  becoming  soluble  with  tume- 
faction in  aqueous  potash,  and  separating  from  one  another ;  at  the 
same  time  reddish  products  are  formed,  which  melt  in  the  boiling 
acid  and  are  soluble  in  alcohol,  and  ultimately  suberic  and  succinic 
acid. — Cork,  the  suberin  of  potatoes,  and  the  cuticle  of  Aloe  lingua 
yield  similar  products  in  variable  quantities,  any  woody  fibre  that  may 
also  be  present  remaining  insoluble  in  the  acid,  even  if  the  mixture  be 
heated  over  the  water-bath  till  no  more  red  fumes  are  evolved.  The 
suberin  of  potatoes  yields,  with  nitric  acid,  6  per  cent,  of  a  fatty  acid 
soluble  in  alcohol ;  common  cork  yields  39-67  p.  c.  of  a  fatty  acid, 
leaving  2*55  p.  c.  woody  fibre.  (Mitscherlich.) — Suberin  treated  with 
nitric  acid  forms  oxalic  acid  (Chevreul,  Dopping) ;  if  first  macerated 
with  6  pts,  nitric  acid  of  sp.  gr.  1*28,  and  then'*distilled,  it  yields  a 
nitro-resin,  suberin,  oxalic  acid,  ammonia,  and  artificial  bitter,  leaving 
woody  fibre.  Common  cork  yields  with  nitric  acid^  the  same  products, 
together  with  traces  of  benzoic  acid,  giving  off  nitrous  gas,  carbonic 
acid,  hydrocyanic  acid,  and  acetic  acid.  (Chevreul) — Oil  of  vitriol 
blackens  cork,  does  not  form  gum  from  it  (Vogel),  but  when  heated 
slowly  forms  brown  products.  (Mitscherlich.) 
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6.  Wood. 

FouRCROY.     Systeme  des  connaisances  chimiques,  8,  87. 
Proust.     J.  Phijs.  48,  469  ;  Scher.  J.  7,  707. 
Saussure.     a.  Gehl.  4,  G81. 
RuMFORD.     Schw.  8,  160. 
■  Braconnot.     Ann.  Chim.  Phys.  12,  172  ;    Schw.  27,  328 ;  Gilh.  63,  347. 
Payen.     N.  Ann.  Sc.  nat.  Bot.  11,  27;  abstr.  Compt.  rend.  8,  51  ;  J.  pr. 

Chem.  16,  436. 
V.  Baumhauer.    Scheik.  Onderzoek.  2,  (d2  ;  J.  pr.  Chem.  32,  204. — Repert. 

95,220. 
,  Baer.     N.  Br.  Arch.  56,  159. 
Chevandier.     Arch.  phys.  nat.  8,  5 ;  N.  Ann.  Chim.  Phys.   10,    136. — 

Report,  Compt.  rend.  24,  269. 
Violette.     JSf.  Ann.  Chim.  Phys.  23,  475  ;  abstr.  Comj)t.  rend.  26,  683 ; 

Dincjl.  109,  137. 
F.   Sciiulze.     Beitrdg.  z.  Kenntniss  d.  Lignins,  Rostock,   1856 ;  abstr. 

Chem.  Centr.  1857,  321. 
Fkemy.     Compt.  rend.  48,  862,  275  ;  Pharm.  Viertelj.  9,  221. 

Decomposition  of  Wood. 

Reichenbach.  Schio.  59,  436.  — 61,  175,  273,  464.-62,  46,  129, 
273.-65,  295,  461.  — 66,  301.  — 67,  1,  57,  274.-68,  1,  57,223, 
239,  295,  351,  399.-69,  19,  175,  2^1.— Ann.  Pharm.  2,  253 
and  259.  — 8,  216.  — 24,  238. 

Gregory.     Ann.  Pharm.  21,  143. 

LiEBiG.     An7i.  Pharm.  30,  264. 
I  Hermann.     J.  iir.  Chem.  27,  165. 

Mulder.  Scheik.  Onderzoek,  2,  76  ;  J.  pr.  Chem.  32,  321. 

Violette.  N.  Ann.  Chim.  Phys.  23,  475  ;  abstr.  Compt.  rend.  26,  683  ; 
JDingl.  109,  137. —iV.  Ann.  Chim.  Phys.  32,  304;  J.pr.  Chem.  54, 
313;  abstr.  Pharm.  Centr.  1851,  5W.  —  N.  Ann.  Chim.  Phys.  39, 
850;  abstr.  Pharm.  Centr.  1853,  376;  J.  j^r.  Chem.  59,  332. 

('agniard  Latour.     Inst.  1850,  214,  253. 

fioppERT.     Pogg.  72,  174;  J.  pr.  Chem.  42,  56. 

I'kttexkofer.  N.  Repeit.  3,  74,  N.  Jahrh.  Pharm.  1,  360;  J.  pr.  Chem. 
62,  508;  Pharm.  Centr.  1854,  601. 

VoLCKEL.     Pogg.  82,  496;  abstr.  Ann.  Pharm.  80,  306;  Pharm.  Centr.. 
1851,  470.  —Pogg.  83,  272  and  557  ;  abstr.  Ann.  Pharm.  80,  309  ; 
Pharm.  Centr.  1851,  870;  J.  j)r.  Chem.  54,  ISl. —Ann.  Pharm.  86, 
66 ;  abstr.  J.  pr.  Chem.  60,  68. 
•A hours.     Comj)t.  7'end.  30,  319 ;  Pharm.  Centr.  1850,  344. 

.'eiiling.     Ann.  Pharm.  106,  388. 

^ritzsche.     J.  pr.  Chem.  82,  321. 

Distillation  products  of  Peat,  Lignite,  and  Coal . 

iuNGE.     Pogg.  31,  65  and  512.  —  32,  308,  323. 
JoFPMANN.     Ann.  Pharm.  48,  1. 
jAurent.     iV.  Ann.  Chim.  Phys.  3,  195» 
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Mansfield.     Chem.  Soc.  Qu.  J.  1,  244;  Ann.  Pharm.  69,  168;  Pliarm. 

Centr.  1849,  376. 
RiTTHAUSEN.     J.  j^r.  Chem.  61,  74. 
Williams.     Ed.  N.  Phil.  J.  N.  Ser.  2,  324;  Pharm.  Centr.  1855,  856  ; 

J.  pr.  Chem.  67,  2^7.  — Phil.  Mag.   [4]  13,   134;  14,  223;  Ann. 

Pharm.  102,  126;  J.  pr.  Chem.  72,  176;  Pharra.  Centr.  1857,  254. 

—  Phil.  Trans.  1857,  447.  —  Phil.  Trans.  1857,  3,  737  ;  Ann.  Pharm. 

108,  384;  J  pr,  Chem.  74,  253  ;  76,  340.  — CAm.  Soc.  J.  15, 130. 
Church.     Phil.  Mag.  [4]  13,  415  ;  Ann.  Pharm.  104,  111 ;  J.j)r.  Chem. 

72,  124  ;   Chem.  Centr.  1857,  927. 
YOHL.     Ann.  Pharm.   98,   181.  — 103,  nZ.—Dingl.   143,  363  —  ^rm. 

Pharm.  107,  45.  — 109,  102.  — Uingl.    152,  306  and  390;  abstr. 

Chem.  Centr.  1859,  490  and  517. 
Fresenius.   Nassauische   Geiv.  Ver.  Mitth.  1855,   13  and  14 ;  Dingl.  13S, 

129 ;  abstr.  Chem.  Centr,  1856,  242. 
Wagenmann.  Dingl.  145,  309  ;  abstr.  Chem.  Centr.  1857,  691. 
MiTLLER.     Dingl.    146,  210;  abstr.  Chem.  Centr.  1858,  47. 
Sullivan.     Atlantis  1,  185  ;  Kopp' s  Jahresber.  1858,  280. 
Crace  Calvert.     Compt.  rend.  49,  262  ;  Kopp's  Jahresher.  1859,  742. 
Hess.     Dingl.    153,  380  ;  abstr.  Chem.  Centr.  1860,  164. 
Thenius.       Ueher   einige    neue    organische    Basen   des   Steinkohlentheers, 

Giittingen,  1861. 

Wood  consists,  according  to  Payen,  v.  Baumhaucr,  and  Sclmlze 
of  cellulose  or  woody  fibre,  which  forms  the  cell-walls,  and  of 
incrusting  substances  deposited  thereon  {Sderogen,  Lignin  =  products 
of  decomposition  of  the  decaying  cells  [Schleiden,  Grundz.  d.  wiss. 
Botanik,  Leipzig,  1849, 1,  172]).  Fremy  denies  the  existence  of  incrust- 
ing substances,  and  supposes  that  the  true  woody  tissue  consists  of 
vasculose,  which  is  insoluble  in  oil  of  vitriol,  soluble  in  boiling  concen- 
trated potash-ley,  paracellulose  soluble  in  oil  of  vitriol  and  in  boihng 
potash-ley,  and  fibrose  soluble  in  oil  of  vitriol,  but  insoluble  in  boihng 
concentrated  potash-ley  (see  page  144).  Wood  likewise  contains  the 
following  substances  in  variable  quantities,  varying  with  the  season  and 
locality,  and  with  the  species  and  age  of  the  plant : — the  constituents 
of  the  sap,  such  as  albumino'idal  substances  (0'81  — 0*12  p.  c.  nitrogen, 
according  to  Chevandier),  sugar,  gum,  tannic  acid,  &c.,  colouring 
matters,  starch  (only  in  autumn  and  winter),  pectose,  according  to 
Fremy  (Payen  found  none),  resins  and  volatile  oils,  and  the  ordinary 
mineral  constituents  of  plants. 

The  external  properties  of  the  wood  depend,  partly  on  the  mode  of 
union  of  the  fibres  (ivory  or  fibrous  texture),  partly  on  the  proportions 
between  the  essential  or  adventitious  proximate  constituents.  Hence 
the  several  species  of  wood  differ  greatly  in  hardness,  colour,  and  ap- 
parent specific  gravity.  The  latter,  that  is  to  say,  the  specific  gravity 
of  the  wood  air-dried,  but  still  containing  air,  varies,  according  to  Kar- 
marsch  {Grihidz.  d.  mech.  Technologie,  635),  from  0*383  (poplar- wood)  to 
1*342  (logwood).  Tlie  actual  specific  gravity  of  different  kinds  of 
Avood  is  tolerably  uniform,  1*5,  according  to  Violette ;  from  1*46 
(maple)  to  1*53  (oak),  according  to  Rumford.  Wood  always  contains 
a  larger  quantity  of  carbon  than  cellulose ;  its  composition  varies  be- 
tween very  Avide  limits  (according  to  the  nature  of  the  incrusting  sub- 
stances: Payen),  as  much  apparently  in  the  same  as  in  different 
woods.     The  lowest  and  highest  amounts  actually  found  are :  46*10 
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p.  c.  C,  (beecli-wood)  Baer,  and  54-44  p.  c.  (oak-wood)  Paycn ;  (beech- 
wood  =  54*35) ;  —  5*55  p.  c.  H.,  (box-wood)  Prout,  and  6*40  p.  c. 
(aspen-wood)  Payen  ;  —  39'32  p.  c.  0.,  (oak-wood)  Payen,  and  46*87 
p.  c.  (beech- wood)  Baer. 

Decompositions.  1.  Wood  may  be  heated  to  150°  without  sensible 
alteration.  At  a  higlier  temperature,  decomposition  begins,  its  course 
being  different  according  as  the  products  are  free  to  escape,  or  arc 
kept  in  contact  with  the  wood  under  increased  pressure. 

A.  Wood  exposed  to  a  high  temperature  in  close  vessels  is 
converted  into  charcoal  resembhng  coal  and  burning  with  flame. 
(Hall,  N.  Geld.  1,  61.2.)  Perfectly  dry  wood  of  sycamore,  oak,  birch, 
box,  or  poplar,  heated  in  a  sealed  glass  tube  to  360°,  melts  to  a  black 
liquid  which  solidifies  with  tumefaction ;  dry  logwood  melts  to  a  red 
liquid  which  sohdifies  to  a  chestnut-brown  mass.  Wood  (even  log- 
wood) heated  in  the  same  manner  with  half  its  weight  of  water,  is 
converted  into  a  substance  resembling  bituminous  coal,  and  burning 
with  a  smoky  flame.  (Cagniard  Latour.)  Wood  of  the  berry-bearing 
alder  dried  at  150°,  containing  47*51  p.  c.  C,  6*12  H.,  46*29  0.,  and 
0*08  ash,  yields,  w^hen  heated  in  a  sealed  glass  tube,  gases  which 
escape  with  violence  when  the  tube  is  opened,  a  very  faintly  coloured, 
clear  or  milky  liquid,  and  a  solid  residue,  which  resembles  red  coal 
{RothJcohle)  if  it  has  been  charred  between  160°  and  200°,  black  coal 
{SchwarzJcohle)  betv/een  220°  and  280°,  and  caking  coal  if  charred  at 
still  higher  temperatures.  At  280°  it  still  retains  the  structure  of 
wood;  between  300°  and  320°  it  is  tumefied,  at  340°  fused  into  a 
dense  mass ;  it  then  amounts  to  79*1  p.  c.  of  the  wood  employed,  and 
consists  of  77-07  p.  c.  C,  4*70  H.,   14*04  0.,  and  3*84  ash.     (Violette.) 

The  composition  of  the  woud  and  of  the  residue  at  different  temperatures,  as  stated  by 
Violette,  ai-e  not  in  accordanoe  with  the  quantity  of  the  residue.  (Ritter.)  Vegetable 
substances  strongly  pressed  between  moist  clay,  so  that  the  vapours 
can  escape  but  slowly,  and  heated  to  between  200°  and  300°,  yield  a 
residue  resembling  coal.  (Barouher,  Compt.  rend.  46,  376;  Chem. 
Centr.  1858,  368.)  Firwood  and  water  heated  together  in  a  close 
vessel  to  400°,  yielded  a  coaly  residue,  black,  hard,  dense,  shining, 
difficult  to  burn,  and  giving  off  scarcely  any  traces  of  volatile  matter 
when  heated.     (Daubree,  Arm.  Min.  [5],  12,  305.) 

B.  When  wood  previously  well  dried  is  heated  in  vessels  which 
allow  free  egress  to  the  volatile  products  of  decomposition,  water  is 
first  driven  out,  and  there  passes  into  the  receiver,  first  a  colourless, 
then  a  yellowish  liquid.  As  the  temperature  rises,  the  vapours 
become  smoky,  the  distillate  continually  more  coloured,  and  smoky 
gases  escape.  The  liquid  distillate  becomes  mixed  with  drops  of  oil,  at 
first  mobile  and  slightly  coloured,  then  continually  more  viscid  and 

\  dark-coloured,  so  that  the  exit-tubes  are  filled  with  black  pitch  liqui- 
fied by  the  heat.  The  residue  in  the  retort  is  charcoal  (Holzkohle). 
The  liquids  which  pass  over  mix  in  the  receiver  and  separate,  when 
left  at  rest,  into  two  layers,  an  upper  watery  layer,  which  is  Crude 
Wood-vinegar^  or  Pyroligneous  acid,  and  a  lower  layer  consisting  of 
Wood-tar. 

In  the  dry  distillation  of  hornbeam-wood  {Carpimis  JBetidus),  Woll- 
ner's  empyreumatic  fat  is  obtained  in  the  outermost  receivers,  floating 
on  the  top  of  the  empyreumatic  oil ;  it  resembles  mutton-fat,  has  a 
specific  gravity  of  0*979,  melts  at  94°,  and  is   saponiQed  by  alkafis, 
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yielding  glycerin.  (Wollncr,  ScJiiv,  59,  454 ;  Kastn.  Arch.  1829,  363 ; 
£erzel.  Jahresber.  10,  228.) 

The  composition  of  the  gaseous,  hquid  and  solid  products  of  the 
dry  distillation  depends  partly  on  the  constitution  of  the  wood  em- 
ployed, but  more  on  the  degree  and  manner  of  heating,  so  that  the 
quantitative  proportions  of  the  several  compounds  vary  greatly,  and 
many,  under  certain  circumstances,  are  absent  altogether.  At  the 
lower  degrees  of  heat,  a  comparatively  larger  quantity  of  oxygen  and 
hydrogen  is  employed  in  the  formation  of  water ;  at  higher  tempera- 
tures (above  300°)  there  is  a  more  abundant  formation  of  acetic  acid 
and  other  oxygen-compounds,  together*  with  hydrocarbons ;  the  more 
rapidly  the  heat  is  applied,  the  larger  is  the  quantity  of  wood- vinegar 
and  tar  produced,  and  the  smaller  the  quantity  of  residual  charcoal. 
(Stolze,  Winckler,  Karsten.) 

Gases.  The  gases  evolved  in  the  ordinary  process  of  distilla- 
tion are  carbonic  oxide,  carbonic  acid,  marsh  gas,  and  hydrogen, 
contauiing  scarcely  any  traces  of  other  hydrocarbons ;  but  if  wood  is 
heated — as  for  the  preparation  of  illuminating  gas,  to  a  temperature 
considerably  above  that  at  which  the  liquid  products  of  the  distillation 
are  decomposed,  olefiant  gas  and  other  hydrocarbons  of  higher  atomic 
weight  are  formed,  at  the  expense  of  the  tar.     (Pettenkofer.) 

The  crude  wood-vinegar  and  the  wood-tar  are  resolved — according 
to  the  kind  of  treatment  to  which  they  are  subjected — into  various 
but  still  mixed  products. 

a.  By  distilling  off  10  to  15  per  cent,  of  the  crude  wood-vhiegar, 
Claude  Wood-spirit  is  obtained,  consisting  principally  of  the  more  volatile 
matters  such  as  acetic  acid,  acetate  of  ammonia,  methylic  alcohol, 
acetate  of  methyl,  hg-none,  acetone,  aldehyde,  mesite,  pyrocatechin, 
and  pyroxanthogen.  It  likewise  contains,  in  greater  or  smaller  quan- 
tity (probably  according  to  the  quantity  of  the  product  distilled  from 
the  crude  wood- vinegar),  volatile  oils,  a  substance  which  turns  brown 
on  exposure  to  the  air,  and  bodies  identical  with  those  which  remain 
in  larger  quantity  in  the  residue  of  the  crude  wood- vinegar,  and  ui  the 
tar. 

See  Wood-spirit,  vii.  285  ;  Acetic  acid,  viii.  274 ;  Aldehyde,  viii.  283  ;  [Scanlan's 
Liquid,  ix.  55];  Acetate  of  Methyl,  y\\\.  A%i  \  ^Acetone,  ix.  1];  Lignone,  ix.  41; 
Mesite,  ix.  53;  Pyroxanthin,  xiv,  163. —  The  non-bracketed  bodies  in  this  list  are 
mentioned  in  the  places  cited,  with  reference  to  their  origin  and  their  separation  from 
crude  wood -spirit.  Respecting  Weidmann  and  Schweizer's  Mesite  and  Xylite,  see  ix.  48  ; 
also  Volckel  {Pogg.  83,  272  and  557) ;  on  Creosote  and  the  Volatile  oils  of  Wood-spirit, 
see  below. 

On  mixing  crude  French  wood-sphit  with  water,  a  pale  yellow 
layer  of  oil  separates,  which  distils  over  between  90°  and  200°,  and 
may  be  decomposed  by  fractional  distillation  after  being  treated  with  oil 
of  vitriol.  Toluene,  xylene,  and  cumene  are  then  obtained  in  succession^ 
and  between  164°  and  168°,  a  peculiar  hydrocarbon,  isomeric  with 
cumene  and  mesitylene,  but  differing  from  both.  (See  xiii,  338). 
(Cahours,  Compt.  rend.  30,  319.) 

Pyrocatechin  (xi,  379)  occurs  in  crude  wood- vinegar  to  the  amount 
of  J^  to  i  per  cent., — hkewise  in  all  products  of  the  distillation  of 
wood.  (Pettenkofer,  An?i.  Pharm.  87,  256 ;  M.  Buchner.  Ann.  Pharnh 
96,  186). 

b.  The  residual  portion  of  crude  loood-vinegar  is  an  aqueous  solution 
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of  variable  quantities  of  acetic  acid,  cmpyreumatic  oil,  and  resin,  and 
a  peculiar  extractive  matter  called  cmpyreumatic  extract.  (Berzelius.) 
It  likewise  contains  creosote,  a  small  quantity  of  eupione,  and  other 
volatile  oils.  (Reichenbach,  comp.  xi,  140.) 

By  boiling  the  residue  with  excess  of  potash-hydrate,  this  cmpy- 
reumatic oil  and  resin  are  for  the  most  part  removed,  while  the  extract 
remains  dissolved.  If  the  wood-vinegar  be  neutralised  with  lead-oxide 
or  ammonia,  neutral  acetate  of  lead  then  throws  down  the  cmpyreu- 
matic resin,  and  the  filtrate  freed  from  lead  by  sulphuretted  hydrogen, 
leaves  on  evaporation,  a  nitrogenous  mass  resembling  vegetable  ex- 
tract, and  separated  by  alchohol  into  a  soluble  and  an  insoluble  por- 
tion. The  cmpyreumatic  resin  still  contains  acetic  acid ;  it  may  be 
further  decomposed  by  digesting  it  with  alcohol,  and  treating  the  dis- 
solved portion  with  ether  and  soda-ley,  and  after  prolonged  boihng 
with  water,  is  converted  mto  mould-like  substances  (Berzelius; 
for  further  details,  see  Berzelius,  Lehrb.  3  Aufl.  4,  499.) 

If  the  distillation  of  the  crude  wood-vmegar  be  continued  after  the 
cnide  wood-spirit  has  passed  over,  distilled  ivood-vinegar  is  obtained, 
and  a  red-brown  syrup,  called  ivood-vinegar  tar  remains  behind.  The 
former,  on  accomit  of  the  furfurol  and  creosote  which  it  contains,  can- 
not be  obtained  colourless,  even  after  repeated  rectification,  and  always 
leaves  a  shght  residue  of  wood- vinegar  tar.  (Volckel.) 

The  distilled  wood- vinegar  may  be  freed  by  agitation  with  ether, 
from  volatile  oil,  creosote,  and  pyroxanthogen ;  the  former  may 
likewise  be  removed  by  neutrahsation  with  potash-ley.  On  boiling  the 
liquid  nearly  neutrahsed  with  potash-ley,  the  volatile  oils  are  driven 
off;  and  if  the  residual  liquid,  while  still  boiling,  be  supersaturated 
with  potash,  it  acquires  a  deep  brown  colour,  and  on  subsequent 
addition  of  hydrochloric  acid,  deposits  brown  flocks,  probably  produced 
by  decomposition  of  furfurol.  By  supersaturating  distilled  vinegar 
with  hydrate  of  lime,  the  solution,  if  immediately  filtered,  becomes 
turbid  on  standing  or  warming,  in  consequence  of  the  action  of  the 
lime  on  the  volatile  oils.  On  evaporating  the  hquid,  a  yellowish  brown 
substance  separates,  while  acetate  of  lime  crystaUises  out,  partly  by 
itself,  partly  in  combination  with  Volckel's  assamar. 

The  wood- vinegar  tar  mixed  with  water  deposits  a  black-brown 
viscid  mass,  the  supernatant  liquid  remaining  strongly  coloured.  If 
the  viscid  mass  be  freed  by  repeated  boiling  with  water  from  adhering 
acetic  acid,  Volckel's  assamar,  creosote  and  volatile  oils,  the  residue 
becomes  bitter  and  friable,  and  yields  to  ether  a  red-brown  resin 
(softening  by  heat,  having  a  pitchy  odour,  which  it  loses  by  prolonged 
heating  to  100°,  solidifying  at  the  same  time, — and  containing  70*36  p.  c. 
C,  7'4  II.,  and  22*24  0.)  ; — it  afterwards  yields  to  alcohol  a  brown  sub- 
stance (containing  63*9  p.  c.  C,  5*1  H.,  and  31*0  0.),  a  small  quantity  only 
remaining  undissolved.  This  body  soluble  in  alcohol  is,  according  to 
Volckel,  produced  from  his  assamar  by  elmiination  of  water  and  formic 
acid.  (Volckel.) 

c.  If  the  wood-tar  be  again  subjected  to  distillation,  three  layers  of 
liquid  collect  in  the  receiver,  the  upper  being  liglit  tar-oil  (the  empyreu- 
matic  oil  of  Berzehus),  the  middle  consisting  of  wood-vinegar  and  water, 
and  the  lowest,  of  heavi/  tar-oil  (the  empryeumatic  resin  and  oil  of 
Berzelius.)  When  about  half  the  tar  has  been  distilled  off,  the  residue 
i^olidifies  on  cooling,   formmg  the   black  pitch  of  commerce. — If  the 
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entire  distillate  be  again  rectified,  the  liquid  which  passes  over  consists 
chiefly  of  eupione,  so  long  as  it  floats  on  the  water,  afterwards  of  creosote 
when  it  sinks,  and  finall}^  of  paraffin,  when  grey  vapours  make  their 
appearance.  (Reichenbach.)  After  the  paraffin,  chrysene  and  pyrene 
^Q3ojji2^  pass  over.  (Laurent.) 

The  usual  constituents  of  wood-tar  are  the  following,  besides  small 
quantities  of  those  which  pass  over  in  greater  quantity  into  the 
crude  wood-spirit  and  wood-vinegar,  mesite  (ix,  53),  toluene  (xii,  226), 
xylene  (xiii,  116),  cumene  (xiii,  338),  methol  (xiii,  341),  and  a  peculiar 
hydrocarbon  isomeric  with  cumene  (xiii,  341);  eupione  {vid.  inf.),  creosote 
(xi,  134),  carbohc  acid,  cresol,  capnomor,  picamar,  pittacal,  cedrh-et, 
paraffin,  naphthalin,  paranaphthalin,  chrysene  and  pyrene. 

The  heavy  tar-oil  obtained  in  the  distillation  of  very  resinous  woods 
contains  retene  C^^II*^  (Krauss  &  Fehhng  ;  Fritzsche.) 

The  first  portions  of  empyreumatic  oil  obtained  in  the  distillation  of 
wood  are  colourless  and  mobile,  but  the  subsequent  portions  are  yellow, 
finally  brown  and  black,  and  at  the  same  time  more  viscid.  On  recti- 
fying this  oil  ^9er  se,  the  same  appearances  are  repeated,  and  charcoal 
is  left  in  the  retort  at  each  distillation.  But  by  distiUing  the  empy- 
reumatic oil,  a  few  times  with  water,  it  is  obtained  colourless  and 
mobile,  and  leaves  a  residue  of  pitch.  (Berzelius,  Lehrb.  3  Aufl.  8, 
486.)  The  residue  left  on  distilling  the  empyreumatic  oil  with 
water,  yields  to  water,  acetic  acid  and  resin,  while  a  resin  is  left, 
identical  with  that  obtained  from  glance-soot  {Glanzruss).  (Colin,  Ann. 
Ckim.  Phys.  12,  209.) 

The  first  twenty  litres  of  the  volatile  distiflate  from  600  kilo- 
grammes of  beechwood  tar  contain  acid  water  and  mesite,  together 
with  smaller  quantities  of  creosote,  eupione,  and  picamar.  The 
picamar  may  be  prepared  from  that  portion  of  the  distillate 
whose  specific  gra^nty  lies  between  0*9  and  1*15 ;  the  pittacal  and 
capnomor  from  that  portion  of  the  tar  obtained  in  the  course  of 
the  distillation  vv'hich  sinks  in  water.  (Reichenbach ;  for  further  details  re- 

specting  this  body  see  below.) 

Light  Tar-oil.  —  This  oil  always  passes  over  yellow,  even  after 
repeated  distillation,  because  it  contains  f urfurol,  pyroxanthogen,  and 
other  substances.  When  subjected  to  dry  distillation,  it  yields,  be- 
tween 40°  and  100°,  a  small  quantity  of  liquid,  consisting  of  acetate 
of  methyl,  acetone,  mesite,  xylite,  and  products  of  decomposition  of 
the  latter  bodies  ;  and  between  100°  and  200°,  a  mixture  of  oxygen- 
ated and  non-oxygenated  products.  The  portion  which  goes  over 
between  100°  and  150°,  yields,  when  treated  as  directed  at  page  341, 
vol.  xiii.,  toluene,  xylene,  oxide  of  mesityl,  and  a  small  quantity  of 
methol;  the  distiflate  obtained  between  150°  and  200°,  yields,  when 
treated  in  like  manner,  methol  and  oxide  of  mesityl,  and  appears  to 
contain  a  small  quantity  of  capnomor.  (Volckel,  Ann.  Pharm.  86,  331.) 
The  light  volatile  tar- oil  appears,  therefore,  partly  to  go  over  with  the  wood- spirit, 
inasmuch  as  Cahours  found  the  same  bodies  in  French  wood-spirit  (see  page  150).  The 
volatile  oil  from  wood-spirit  examined  by  Kane  {Ann.  Pharm.  19,  168},  was  doubtless 
also  a  mixture  of  the  same  bodies  (Kr). 

Peichenhach's  Eupione.  —  Under  this  denomination,  Reichenbach 
described  several  bodies,  probably  of  mixed  nature.  Subsequently  the 
name  was  applied  to  certain  empyreumatic  oils,  agreeing  with  Reich- 
enbach's  eupione  in  being  unalterable  by  oil  of  vitriol  or  by  potash- ley 
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(xiv,  324).  (Gregory,  /.  pr.  Cheni.  4,  5. — U.  Brandes,  ^Y.  Br.  Arch. 
16,  122.)  — «.  Formerly  {Schw.  61,  177;  62,  129;  Berz.  Jahresber.  12, 
309),  Reichenbach  obtained  eupioiie  from  wood-tar,  or  from  the  tar  of 
animal  substances, — by  freeing  the  hght  tar-oil  from  all  its  alterable 
constituents  by  agitation  with  oil  of  vitriol,  distillation  with  nitre  and 
oil  of  vitriol,  and  digestion  with  potash-ley,  oil  of  vitriol,  and  hot 
potash-ley  successively, — and  then  rectifying  the  floating  eupione  over 
potassium, — as  a  colourless,  thin,  tasteless,  and  odourless  liquid,  of  sp.gr. 
0*74,  boiling  at  169°,  not  solidifying  at  20°,  difficult  to  set  on  fire,  but 
burning  from  a  wick  with  a  smokeless  flame.  This  eupione  is  regarded 
by  Volckel  (Fogg.  82,  496)  as  a  mixture  of  the  hydrocarbons  from 
light  tar-oil.  • —  b.  More  recently  (J.  pr.  Chem.  1,  377  ;  Berz.  Jahresber. 
15,  400),  Reichenbach  prepares  eupione  from  the  oils  obtained  by  the 
dry  distillation  of  rape-oil,  in  the  same  manner  as  formerly  from  wood- 
tar,  and  now  obtains  it  as  a  colourless,  extremely  mobile  liquid,  of  high 
dispersive  power,  of  sp.  gr.  0*655  at  20°,  and  boiling  at  47°.-- Eupione 
prepared  by  Reichenbach  did  not  boil  when  immersed  in  water  at  80°, 
and  contained  77*46  p.  c.  C,  14*31  H.,  and  8*23  0.  (Hess,  Ann.  Fharm. 
23,  253).  —  From  birch-wood  tar,  Hess  {Pogg.  36,  417)  obtained  by 
Reichenbach's  method,  only  the  heavy  volatile  eupione  boihng  between 
100°  and  140°,  and  containing  equal  numbers  of  atoms  of  carbon  and 
hydrogen ;  but  from  oil-tar  he  obtained  a  very  mobile  liquid,  which 
passed  over  between  45°  and  75°,  and  was  not  altered  by  oil  of  vitriol. 
The  latter  still  contained  oxygen,  and  after  deducting  this  element,  it 
contained  carbon  and  hydrogen  in  the  atomic  proportion  C^^H^^ ; 
according  to  Frankland  {Ann.  Phcirm.  74,  57),  it  is  perhaps  partly  or 
wholly  identical  with  hjalride  of  amyl  C^°H^-. 

By  repeated  fractional  distillation  of  the  heavy  tar-oil,  a  light  oil 
which  passes  over  at  the  beginning  of  the  distillation,  and  paraffin 
which  passes  over  at  the  end,  may  still  be  separated.  When  enough 
carbonate  of  potash  to  neutralise  the  acetic  acid  which  still  adheres  to 
it,  is  added  to  the  middle  portion,  an  oil  separates,  which  may  be 
divided,  by  agitation  with  potash-ley  of  sp.  gr.  1*2,  into  an  insoluble 
part  (which  contains  hght  volatile  oil)  and  an  alkaline  solution,  from 
which  acids  separate  creosote  and  capnomor. — The  portion  of  pine- 
wood  tar  which  distils  between  150°  and  220°,  contains  carbolic  acid 
and  cresylic  alcohol.  (Duclos,  Ann.  Pharm.  109,  135).  Gorup-Besanez 
could  not  detect  carbolic  acid  in  beech-wood  tar.  {Ann.  Pharm.  87, 
258). 

Blade  pitch  dissolves  almost  completely  in  alcohol  and  in  potash-ley. 
When  its  alkaline  solution  is  boiled,  a  coloured  oil,  possessing  a  stupe- 
fying smell  passes  over ;  and  when  made  acid  again,  it  yields  volatile 
fatty  acids  on  boihng,  while  a  black  mass  is  deposited.  On  boiling  this 
mass  with  water,  creosote  is  given  off ;  and  if  the  treatment  with 
potash  and  acid,  which  has  just  been  described,  be  several  times  repeated, 
the  black  mass  is  converted  into  a  black  powder,  which,  after  long 
boiling  with  hydrochloric  acid,  yields  to  alcohol  only  a  small  quantity 
of  resin,  and  there  remains  a  substance,  insoluble  in  alcohol  and  also 
in  potash,  and  containing  65*04  p.  c.  carbon,  4*89  p.  c.  hydrogen, 
and  30*07  p.  c.  oxygen.  (Volckel.) 

The  residue  left  by  the  destructive  distillation  of  wood, — 
the  charcoal,  that  is, — retains  the  structure  and  form  of  the  wood 
but  has  a  smaller  bulk.  Between  280°  and  340°,  it  is  obtained  as 
red  coal,  and  at  higher  temperatures  as  blach  coal  (comp.  p.  149) ;  the  more 
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intense  the  heat,  the  less  hydrogen  and  oxj^gen  does  it  retain,  but  it  is  not 
obtained  quite  free  from  them,  even  if  heated  to  the  melting  point  of 
platinum.  The  specific  gravity,  hardness,  and  conducting  power  of  char- 
coal, increase  with  the  temperature  at  which  it  is  prepared;  its  absorptive 
power  for  water,  and  its  inflammability,  on  the  other  hand,  diminish  as 
the  temperature  rises.  Charcoal  prepared  at  290°  has  sp.  gr.  1-406, 
that  prepared  at  the  melting  point  of  platinum  has  sp.  gr.  2*002  ;  pre- 
pared at  260°  —  280°,  it  takes  fire  in  the  air  at  340°  —360°;  prepared 
at  the  melting  point  of  platinum,  it  does  not  take  fire  below  the  melting 
point  of  copper.  The  employment  of  overheated  steam  renders  the 
charring  more  uniform,  and  causes  it  to  'take  place  at  a  lower  tempera- 
ture than  it  otherwise  would.  Charcoal  prepared  by  means  of  over- 
heated steam,  below  the  melting  point  of  antimony  (430°),  has  the 
properties  of  charcoal  prepared  without  steam,  at  1200°.  (Yiolette.) 

The  products  of  the  distillation  of  peat,  lignite,  and  coal,  contain  a 
large  proportion  of  the  compounds  obtained  by  distilling  wood;  the  more 
recent  the  formation  of  the  substance  employed,  the  more  of  them  does 
the  distillate  contain.    Light,  pale-coloured  peat  and  lignite,  which  still 
show  a  distinctly  woody  structure,  yield  a  light  tar,  and  an  acid  watery 
distillate,  often  in  such  quantity  that  the  latter  might  be  employed  for 
the  manufacture  of  wood- vinegar ;  while  heavy,  dark,  black  peat  and 
most  kinds  of  lignite,  yield  ammonia-water,  and  a  heavy  tar  con- 
taining volatile  bases.     Peat  begins  to  decompose  at  109°,  yielding  at 
first  water  and  a  small  quantity  of  yellow,  mobile  oil,   and  afterwards 
ammonia- water  and  tar.     The  various  kinds  of  peat  yield  5*6  to  9*2 
p.  c.  tar,  and  25  to  39  p.  c.  ammonia-water.     Lignite  is  decomposed 
much  below  red  heat  and  yields  1*5  to  12*75  p.  c.  tar  and  12  to  70  p.  c. 
ammonia-water.       Peat-  or   hgnite-tar  is   coffee-brown,    of    sp.    gr. 
0*880  —  0*975,  and  generally  soUdifies,  from  containing  parafiin,  when 
cooled.     In  the  further  treatment  of  the  tar,  it  is  carefully  freed  from 
ammonia- water  by  being  heated  to  100°  and  allowed  to  subside;  the 
heavier  tars  are  slowly  heated,  common  salt  or  Glauber's  salt  being  added 
to  hasten  the  separation;  and  then  the  tar  alone  is  gradually  heated  in 
a  still.     Gaseous  sulphide  of  ammonium  and  pyrrol-bases  pass  over 
below  100° ;  at  100°,  a  little  very  strong  ammonia- water  and  light  oil 
of  sp.  gr.  0*700  ;  next  follow  oils  of  constantly  increasing  density  in 
accordance  with  which  they  are    separated   into   various    portions. 
Above  200°,  a  fresh  quantity  of  water  appears,  separated  out  from 
carbolic  acid  and  creosote,  and,  when  the  water  has  ceased  to  come, 
oils  contaming  parafiin.     The  distillation  is  continued  till  the  residual 
asphalt-pitch  has  acquired  the  proper  degree  of  hardness,  or  until  it  is 
entirely  chaiTed.     (Vohl.)     Yohl   thus  obtained  from  many  different 
peat-tars,  from  11  to  34*6  p.  c.  light  oil  of  sp.  gr.  0*820,  from  8*67  to 
36  p.  c.  heavy  oil  of  sp.  gr.  0*860,  from  0*424  to  8*01  p.  c.  paraffin,  and  from 
11*54  to  42*4  p.  c.  asphalt-pitch;  from  hgnite-tars,  he  obtained  from 
10*63  to  33*5  p.  c.  light  oil,  from  11*11  to  43*6  p.  c.  heavy  oil,  from 
1*25  to  6*73  p.  c.  paraffin,  and  from  11*11  to  22*22  p.  c.  pitch.     From 
other  peat-tars,  he  obtained  18*9  —  34*5  p.  c.  carbohc  acid  and  creo- 
sote, and  46*5  p.  c.  from  hgnite  tars.     The  gas  evolved  at  the  begin- 
ning of  the  distillation  of  peat  has  little  or  no  luminosity  ;  later  on,  as 
the  temperature  rises,  it  has  somewhat  more.     In  order  to  use  peat  or 
lignite  for  the  preparation  of  illuminating  gas,  they  must  be  treated 
in  the  same  way  as  wood.     Coal-tar  is  specifically  heavier  than  the 
foregoing, — its  sp.  gr.  is  1*12  —  1*15  (Mansfield), — richer  ui  volatile 
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bases,  heavy  oils,  and  g-eiierally  in  naphthalin ;  as  the  last  product, 
however,  is  only  produced  by  the  contact  of  the  vapours  with  the  red- 
hot  sides  of  the  retort  (see  xiv.  2,  3)  it  is  not  a  necessary  constituent, 
and  may  be  entirely  wanting  in  tar  which  distils  at  a  comparatively 
low  temperature.  It  is  generally  found  in  coal-tar,  and  in  larger 
quantity  when  clay  retorts  are  used  than  when  iron  retorts  are  em- 
ployed. The  more  naphthalin  a  tar  contains,  the  less  paraffin  can  be 
found  in  it.  Grace  Calvert  found  in  tar  from  Boghead-coal,  41  p.  c. 
paraffin  but  no  naphthalin,  and,  on  the  other  hand,  in  tar  from  three 
other  kinds  of  coal,  no  paraffin,  but  as  much  as  58  p.  c.  naphthalin. 
These  tars  contained  3  —  14  p.  c.  carbolic  acid,  2  —  12  p.  c.  light  oil, 
12—35  p.  c.  heavy  oil,  and  14  —  29  p.  c.  pitch.  Thenius  found  in  gas- 
tar,  on  an  average,  4  p.  c.  Hght  oil,  3  p.  c.  pure  carbolic  acid,  and 
4  p.  c.  ammonia- water  ;  on  the  contrary,  he  found,  in  tar  obtained  by 
careful  destructive  distillation,  more  than  30  p.  c.  of  hght  oil  of  sp.  gr. 
0*900.  The  further  treatment  of  coal-tar  on  the  large  scale  for  the 
purpose  of  obtaining  its  several  constituents,  is  the  same  as  that  fol- 
lowed in  the  case  of  peat  and  lignite-tar.  For  the  mode  of  separating  tlie 
various  hydrocarbons,  seexi.  135  —  137  ;  for  the  mode  of  separating  the  carbolic  acid 
seexi.  143. 

In  addition  to  the  substances  already  enumerated  as  contained  in 
wood-tar,  coal-tar  contains  rosolic  and  brunolic  acids  (Runge),  propyl 
{C'm'%  butyl  (Ci«ir«),  amyl  (C^m^),  and  caproyl  (C''R^'),—  [%  ac- 
cording to  WilHams's  latest  experiments,  {Chem.  Soc.  J.  15,  130)  these 
hydrocarbons,  which  he  formerly  believed  to  be  homologues  of  methyl 
and  ethyl,  are  probably  homologues  of  marsh-gas  (hydride  of  methyl) ; 
e.  g.,  cm''  =  C^^H^^H  (hydride  of  caproyl),  C^^H^^  =  C^^H",H  (hydride 
of  capryl)  &c.  f], —  caproene,  oenanthylene  (Williams),  parabenzene 
(Church),  cymene  (Mansfield),  methylamine  and  its  homologues  up  to 
amylamine  (Williams),  anihne  (Runge,  ITofmann),  pyridine,  picoline, 
lutidine,  collidine,  parvoline  (WilKams),  corridine  (C'^^NH^*),  rubidine 
(C'-'^NII"),  viridine  (C-*NI1^^),  (Thenius),  chinoline,  lepidine,  cryptidine, 
(Williams),  pyrrol  (Runge),^  anthracene  (C^®II^°)  (Laurent,  Anderson). 
The  bases  are  combined  with  hydrosulphmic,  acetic,  carbonic,  prussic, 
and  hydro-sulphocyanic  acids,  and,  in  the  watery  distillate  and  tar 
from  lignite  and  peat,  with  formic,  propionic,  and  butyric  acids 
(Sullivan),  and  valerianic  acid.     (Vohl.) 

Many  of  these  bodies  are  probably  also  contained  in  wood-tar,  and 
have  not  as  yet  been  found  in  it,  only  because  they  exist  in  too  small 
quantity. 

The  liquid  hydrocarbons,  with  the  exception  of  cymene  which  passes 
into  tlie  heavy  oil,  are  fomid  for  the  most  part  in  the  light  coal-tar-oil. 
The  boiling  points  of  several  of  them  lying  very  close  together,  it  is 
impossible  to  separate  them  by  fractional  distillation  ;  hence,  according 
to  Anderson,  the  following  process  must  be  followed  for  this  purpose. 
The  hydrocarbons  of  the  general  formula  C"H"  are  converted  into  bro- 
mine-compounds by  agitation  of  the  mixture  with  bromine  and  water ; 
the  hydrocarbons  6^11^+2  and  those  of  the  benzene  series,  C"H"~*,  which 
remain  unaffected  by  this  treatment,  are  distilled  off ;  the  residue  left 
to  stand,  and  the  middle  layer  of  the  three  into  which  it  separates 
repeatedly  distilled  with  alcoholic  potash  and  sodium,  in  order  to  repro- 
duce the  hydrocarbons  C"II".  In  this  way,  caproene,  b. p.  71°  (seexi. 
411.     The  boiling  point  of  caproene  is  55°  according  to  Fremy  [W]  ), —  may  be  ob- 

tauied  from  that  portion  of  the  distillate  from  Boghead-coal  which 
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passes  over  between  71°  and  77°  and  has  sp.  gr.  0*75,  and  oenanthylene, 
b.p.  99°  (xii.  415),  from  the  portion  which  boils  between  82°  and  88°. 
(Anderson.)  The  Hquid  distilled  off  from  the  bromine-compounds  is 
treated  with  fuming"  nitric  acid,  or  with  nitro-sulphuric  acid,  whereby 
the  hydrocarbons  of  the  general  formula  C"H^~^  are  converted  into 
nitro-compounds ;  the  portion  not  attacked  by  the  acids  is  separated, 
washed  with  aqueous  alkah,  dried  by  means  of  solid  potash,  and  recti- 
fied over  sodium :  by  this  process  a  mixture  of  hydrocarbons  isomeric 
with  the  alcohol-ra(hcals  is  obtained,  the  constituents  of  which  can  be 
separated  from  one  another  by  fractional  distillation.  (Anderson.) 
Carbolic,  rosolic,  and  brunolic  acids  occur  principally  in  the  heavy  oil, 
and  naphthalin  also  to  some  extent ;  but  the  last  substance  is  chiefly 
obtained,  together  with  paranaphthalin,  chrysene,  and  pyrene,  by  the 
distillation  of  the  pitch.  The  volatile  bases  occur,  according  to  Hof- 
mann,  for  the  most  part  (to  the  extent  of  about  1  p.  c.)  in  the  heavy 
oil :  according  to  Thenius,  in  the  hght  oil  of  sp.  gr.  0*890  —  0'900 :  and 
the  bases  of  the  chinoline  series,  according  to  Wilhams,  in  the  heaviest 
oil.  Pyrrol  and  adhering  hydrocarbons  are  removed  bj^  boiling  from 
the  acid  solution  of  the  crude  bases,  obtained  by  shaking  the  oil  with 
sulphuric  or  hj^drochloric  acid  after  it  has  been  strongly  cooled  to 
separate  the  naphthalin ;  the  bases  are  then  separated  by  caustic  pot- 
ash, purified  by  being  several  times  alternately  dissolved  in  acid  and 
separated  by  alkali,  dried  by  distillation  over  solid  potash,  and  the 
several  bases  are  at  last  separated  from  each  other  either  by  fractional 
distillation,  or,  according  to  Williams,  by  fractional  distillation  and 
by  fractional  crystallisation  of  their  platinum-salts.  According  to 
Anderson  (JV.  Phil.  Mag.  J,  9,  214,  214),  aniline  cannot  be  separated 
by  distillation  from  the  bases  of  the  pyridine  series ;  in  order  there- 
fore to  prepare  these  in  a  state  of  purity,  the  aniline  must  be  previously 
destroj^ed  by  nitric  acid.  For  the  preparation  of  the  individual  bases  from  coal- 
tar,  see  xi.  247,  264;  xii.  337;  xiii.  149,  245  ;  xiv.  103,  519  ;  xv.  5. 

The  acids  of  the  fatty  acid  series,  together  with  hydrocyanic, 
hydrosulpho-cyanic,  and  hydrosulphuric  acids,  are  found  principally 
in  the  ammonia-water,  in  combination  with  ammonia,  methylamine, 
and  other  bases.  The  several  constituents  are  not,  however,  strictly 
separated  from  each  other  according  to  the  principal  subdivisions  of 
the  products  of  distillation,  but  are  for  the  most  part  contained,  though 
only  in  small  quantity,  in  each  of  them. 

The  distillation  of  coal  being  commenced  at  a  temperature  at  which 
a  part  of  the  liquid  products  of  distillation  are  decomposed,  the  gas  so 
formed  always  contains  from  the  beg-inning  luminous  hydro-carbons ; 
towards  the  end,  when  the  heat  is  much  increased,  scarcely  any  thing- 
is  formed  but  marsh-gas  and  hydrogen,  and  at  last  the  latter  gas  only. 
Coal-gas  generally  contains  sulphide  of  carbon  vapour.  The  residue 
of  the  distillation,  the  coke,  varies  in  its  properties  in  the  same  way 
as  charcoal,  according  to  the  degree  of  heat  employed. 

2.  By  the  action  of  the  air. — A.  Wood  either  dry  or  moist  inclosed 
with  air,  forms  carbonic  acid  in  the  course  of  a  few  months  at  the 
ordinary  temperature.  (Karsten,  Berl.  Acad.  Ber.  1860,  38 ;  abstr.  /. 
p\    Cliem.  79,  226). 

B.  The  sawdust  of  recently  felled  timber  (oak  and  hornbeam), 
pressed  together  and  kept  in  a  moderately  warm  place,  enters  after 
some  time  into  vinous  fermentation  (caused  by  the  presence  of  sugar 
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and  albuminous  substances  in  the  saj)),   and  yields  an  alcoholic  distil- 
late. (Chevandier.) 

C.  In  moist  air,  wood  decays  or  moulders ;  whereby  a  distinction 
is  made  between  dry-rot  and  wet  rot.  When  undergoing  dry-rot, 
which  occurs  when  it  is  moderately  damp  and  air  is  almost  excluded, 
wood  retains  its  light  colour,  and  often  even  becomes  lighter,  and  its 
elements  separate  in  almost  the  same  proportions  as  those  in  which 
they  exist  in  wood.  Dry-rot  is  sometimes  accompanied  by  evolution 
of  light,  (i,  191).  It  is  always  accompanied  by  a  fungoid  growth,  but 
whether  as  cause  or  effect  cannot  be  decided.  In  wet  rot,  moul- 
dering (simultaneous  decay  and  putrefaction),  wood  assumes  continually 
a  darker  and  darker  colour,  and  becomes  continually  richer  in  carbon, 
mould  being  produced  at  the  same  time.  Moist  wood,  putrefying  in 
confined  air  changes  the  oxygen  of  the  air  into  carbonic  acid,  but  pro- 
duces even  more  water  than  carbonic  acid.  (Saussure.)  Decaying 
vegetable  substances  putrefy  in  an  atmosphere  of  hydrogen,  but  con- 
tinue to  evolve  carbonic  acid  (Saussure) ;  hence  Liebig  assumes  that 
the  formation  of  carbonic  acid  during  decay  is  due  to  the  oxygen  of 
the  substance,  and  that  the  oxygen  of  the  air  unites  with  the 
hydrogen  of  the  body  undergoing  decay.  From  Mayer's  and  Will's 
anatyses  of  oak-wood  mould,  and  from  Gay-Lussac  &  Thenard's 
analyses  of  oak-wood,  he  concludes  that  1  at.  carbonic  acid  is  formed 
for  every  atom  of  water.  —  Hermann  found  186'3  volumes  of  air,  with 
which  21  volumes  of  putrefying  wood  had  been  in  contact  for  five 
days,  dimhiished  by  A"d  volumes,  3'5  vols,  nitrogen  and  27*8  vols, 
oxygen  having  been  replaced  by  27*0  vols,  carbonic  acid.  In  262  vols. 
of  air,  13  vols,  nitrogen  and  27  vols,  oxygen  were  replaced  by  40  vols, 
carbonic  acid  after  ten  days  contact  with  28  vols,  rotting  (not  com-, 
pletely  rotten)  wood.  By  making  the  arbitrary  assumption  that,  in 
the  last  case,  the  water  with  which  the  Avood  was  moistened, 
absorbed  "about"  13  vols,  carbonic  acid,  Hermann  concluded  from 
these  experiments,  that,  in  the  production  of  mould,  nitrogen  is  taken 
up  from  the  air  and  nitrogenous  mould  and  ammonia  formed,  and  that, 
in  the  decay  of  fresh  wood,  4  measures  of  carbonic  acid  are  formed  for 
every  1  measure  of  nitrogen  and  2  measures  of  oxygen.  (Since,  how- 
ever, the  air  contained  in  the  rotting  wood,  which  contains,  according 
to  Dessaignes  (i.  192),  a  great  deal  of  carbonic  acid  but  only  a  httle 
oxygen,  is  not  taken  into  account  here,  it  is  more  likely  that  the 
diiferences  in  the  proportion  of  nitrogen  in  the  air  are  caused  by  the 
exchange  of  nitrogen  for  carbonic  acid  existing  ready  formed  in  the 
wood:  Ritter.)  He  assumes  the  formula  C'^IP^O^'*  to  represent  the 
composition  of  wood,  and  expresses  its  decompositions  during  putre- 
faction b}^  the  following  equations : 

a.  C=«IP~022  +  0*  -f  N  =  4  CO^  -F  4  110  -H  C'^Nff^O^^  {Ni- 
trolin). 

b.  Further  decomposition  of  the  nitrolin :  5  C32;^H*80^*  +  0«  + 
N»-5  =  C'°N3-5Ip50«  (Hohhumussaure)  +  2  C^^NH^^O"  {Ilumusextract) 
+  3  NIP  +  26  CO^  -f  14  HO; 

or,    4    C^'-NH^^O^^  +  0=°  +  N^^  =  C'^N^ "H^'O^^    {Hohhumussaure) 
-f  C^^^H^^O^*  (Humusextract)  +  3  NII^  -|-  2600^  +  12  HO. 
He  supposes  that  1  at.  of  the  ammonia  thus  formed  remains  combined 
with  the  "Holzhumussaure,"  and  that  2  at.  volatihse. 

c.  Further  decomposition  of  "  Holzhumussaure  : "  6  C'°N^  '^H^'O^^ 
+  0'  +  W=6(J'^mV0'{Humt(sqi(eUsaure)  +  11  C'^N^H^^O^  -f- 33  HO  ; 
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d.  '' Torfsatzsaure :"  C30Ni-5Hi2o9  +  12HO  +  03  ■[■  N^s  =  2C15NH12012. 
Mulder  assumes  the  existence  from  the  first  in  rotting  wood,  of  crenic 
acid,  (y^WO^',  apocrenic  acid,  G^^W^O'^,  and  ulmic  acid,  C^^H^^O^^^  the 
first  of  which  disappears  when  air  has  free  access.  He  assumes  that, 
in  general,  oxygen  is  thereby  absorbed  from  the  air,  but  that  only  a 
little  carbonic  acid  is  formed.  This  applies  especially  to  the  incrusting 
substance ;  in  the  case  of  cellulose  (C^IP^O'^^,  according  to  Mulder)  he 
supposes  a  simple  splitting  up,  without  absorption  of  oxygen ;  thus, 
2  C^^H^iQ^i  _  Q^oi^uQn  ^^i^^i^  ^^i^-^  _^  3  00^4-  14  HO  +  H^* ;  or, 
5  C^IP^O^^  =  C^°H^^0^2  ^^^i^ic  ^^^^-^^  ^  C^^H^^Qie  (^crenic  acid)  -f 
^48^12024  (^apocrenic  acid)  +  8  CO^  +  37  HO  +  W.  Hence,  and  from 
the  processes  which  he  supposes  to  take  place  in  the  further  oxidation 
of  the  constituents  of  mould  to  carbonic  acid  (e.  g.,  C*°H^*0^^  + 
C24H12016  ^  C*«Hi2Q84  +  Qm  —  112  CO*  +  38  H),  he  assumes  that 
probably  in  most  cases  a  large  excess  of  hydrogen  remains,  and  sup- 
poses that  it  is  not  wholly  oxidised  by  the  air  ;  and  that,  when  air  has 
only  partial  access,  carbonic  oxide  and  carburetted  hydrogen  are 
formed  instead  of  carbonic  acid,  the  excess  of  hydrogen  uniting  with 
nitrogen  from  the  air  to  form  ammonia.  He  seeks  to  support  this 
view  by  the  observation  that  mould,  as  it  occurs  in  nature,  always 
contains  ammonia,  and  by  the  experiments  already  quoted  (vii,  94),  in 
which  he  left  substances  free  from  nitrogen  in  contact  either  with  air 
or  water  only,  or  with  air,  water,  and  charcoal,  and  so  obtained 
ammonia  or  (nitrogenous)  mould.  The  yield  of  ammonia  in  these 
experiments,  seems  to  have  been  greater  in  proportion  as  the  raw 
material,  from  which  the  non-nitrogenous  substance  was  prepared, 
was  richer  in  nitrogen.  Cane-sugar  yielded  but  httle,  milk-sugar 
much  more,  while  starch  acquired  a  distinct  smell  of  cheese,  and  evolved 
gas. 

D.  When  the  supply  of  air  is  very  limited,  as  under  water  con- 
taining air,  the  decay  of  wood  assumes  still  more  the  character  of 
putrefaction.  Carbonic  acid  and  marsh-gas  are  evolved,  and  the 
formation  of  peat  (principally  from  the  lower  marsh-plants  mixed  with 
only  occasional  woody  particles),  of  lignite  {brown  coal),  and  (after  a  very 
long  time)  of  coal,  takes  place,  accompanied  by  a  fungoid  growth, 
mostly  of  an  acid  character.  Many  kinds  of  lignite  contain  hydrogen 
and  oxygen  in  the  proportion  to  form  water.  The  Hgnite  of  Ring- 
kuhl  has  been  formed  from  oak-wood  by  the  loss  of  carbonic  acid  and 
water.  (Liebig.)  —  Assuming  that  heat  and  pressure  have  not 
exerted  an  hifluence,  and  that  atmospheric  oxygen  has  not  had  access, 
the  formation  of  hgnite  must  have  been  accompanied  by  absorption  of 
oxygen  and  evolution  of  carbonic  acid,  marsh-gas,  and  water.  (Bis- 
choff,  J.jjr.  Chem.  31,  329.)The  piles  of  ancient  bridges  are  sometimes 
almost  entirely  converted  by  river-water  into  a  brown,  easily  powdered 
mass.  (Herve-Mangon,  Bidl.  Soc.  d' Encouragement^  1857,  634.)  Ap- 
parently well  preserved  wood  from  an  ancient  fortification  on  the 
sea-coast,  near  Carthage,  contained  58*9  p.  c.  ash  and31*G  p.  c.  organic 
matter,  consisting,  when  dried  at  120°,  of  58*9  —  60*0  p.  c.  C, 
5-8  —  5-9  p.  c.  H.,  0-6  p.  c.  N.,  and  33*5  —  35-0  p.  c-  0.,  and  therefore 
approximating  to  the  composition  of  hgnite.  (Peligot,  Compt.  rend. 
44,  933.) —  Elevation  of  temperature  may  produce  tbe  same  result  as 
length  of  time  in  decay  of  this  kind.  Wood  and  plants  heated  in 
water,  with  access  of  air,  to  100°  in  the  day-time  and  to  62°  —  75°  at 
night,  during  1  —  2  years,  were  converted  into  hgnite,  but  not  into 
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coal  even  after  2^  years'  heating-.  With  the  addition  of  a  quantity  of 
green  vitriol,  equal  to  1  p.  c.  of  the  vegetable  matter,  they  became  like 
coal.  (Goi^pert,  Pogg.  12,  174;  J.  pr.  C hem.  4.2,  56.)  Concerning  the 
preservation  of  Wood  see  vii,  112. 

3.  Action  of  the  at?'  at  high  tenijjeratures. — A.  With  limited  access  of  air: 
Charcoal-burning,  Distillation  of  Tar,  Manufacture  of  Lamp-hlaclc.  These 
processes  are  essentially  the  same  as  dry  distillation,  the  only  differ- 
ence being  that,  instead  of  heat  being  applied  externally,  it  is  generated 
by  the  partial  combustion  of  the  substance  operated  upon.  The  pro- 
ducts are  therefore  nearly  the  same.  In  charcoal-burning,  the  vapour 
is  not  condensed.  In  the  manufacture  of  lamp-black  it  is  decomposed, 
partly  by  more  air  being  allowed  to  have  access,  partly  by  exposure 
to  a  high  temperature  in  a  flue  of  masonry  which  very  soon  becomes 
red-hot,  in  such  a  way  that  almost  all  the  hydrogen  is  burnt,  and 
nothing  remains  but  finely  divided  carbon  mixed  with  naphthalin  and 
small  quantities  of  ammonia  and  of  a  substance  resembling  mould. 

Concerning  the  empyreumatic  oil  obtained  in  the  distillation  of  tar  see  p.  151. 

Soot  contains  many  salts,  chiefly  carbonates,  muriates,  sulphates, 
phosphates,  and  acetates  of  ammonia,  potash,  lime,  and  magnesia.  It 
yields  to  water  5G  p.  c.  of  soluble  matter,  and  from  the  residue  18*5  p.c. 
of  ulmin  can  be  extracted  by  alkalis.  The  aqueous  solution  also  con- 
tains ulmin.  When  evaporated  to  an  extract,  ether,  employed  either 
alone  or  with  addition  of  hydrochloric  acid,  takes  up  from  it  a  light 
yellow,  bitter  oil,  which  dissolves  in  a  large  quantity  of  water,  and  is 
precipitated  from  its  aqueous  solution  by  sugar  of  le^id,  at  first  with  a 
yellow,  afterwards  with  a  green  colour,  and  is  also  precipitated  by 
tincture  of  galls,  and  is  further  soluble  in  alcohol,  but  not  in  oil  of  tur- 
pentine, and  is  decomposed  by  heat  or  by  nitric  acid.  Tliis  substance 
is  Braconnot's  Asholin.  When  the  aqueous  solution  of  soot  is  precipi- 
tated by  sugar  of  lead,  and  the  hquid  evaporated  to  the  consistence  of 
honey  after  the  excess  of  lead  has  been  removed  by  sulphuretted 
hydrogen,  alcohol  precipitates  from  the  residue  Braconnot's  animal 
matter  of  soot.  This  body  deposits  reddish-yellow,  transparent  scales 
by  solution  in  water  and  evaporation,  and  yields  empyreumatic  oil  and 
carbonate  of  ammonia  by  destructive  distillation.  (Braconnot,  Ann. 
Chim.  Phys.  31,  37,  &  53.)  Lamp-black  also  contains  many  salts  and 
a  resin  resembling  asphalt,  which  can  be  extracted  by  oil  of  turpen- 
tine, and  further  broken  up  by  alcohol.  (Braconnot.)  By  dis- 
tillation, either  alone  or  with  water,  it  yields  empyreumatic  oil  and 
naphthahn ;  the  latter  body  is  also  found  sublimed  inside  the  lids  of 
the  casks  in  which  lamp-black  is  kept.  (Reichenbach,  Schiv.  61,  188.) 
Acids  give,  in  the  alkaline  extract  of  soot,  a  precipitate  which,  after 
being  dried  at  140°,  boiled  with  alcohol,  and  again  dried  at  140°,  still 
contains  naphthalin,  which  must  therefore  exist  chemically  combined 
with  ammonia  and  humic  acid.  (Mulder,  /.  pr.  Chem.  21,  331.) 
Glance-soot  (a  compact  carbonaceous  deposit  which  collects  in  flues 
where  wood  is  burned)  is  only  sHghtly  soluble  in  alcohol,  but  dissolves 
easily  in  soda-ley,  giving  a  solution  which  becomes  gelatinous. 
(Mac  Cullock,  Edinh.  J.  of  Sc.  1,  321.) 

B.  AVith  free  access  of  air,  wood  burns  with  a  luminous  flame,  the 
gases  and  vapours  generated  by  the  heat  of  the  combustion  itself 
being  immediately  and  completely  burnt  without  smoke  when  the  air 
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is  renewed  with  sufficient  rapidity,  but  with  production  of  smoke  when 
the  air  is  not  quickly  enough  reiiewed.  The  smoke  condenses  in  the 
chimneys  of  the  fire-places  to  glance-soot,  which  contains  the  ingre- 
dients mentioned  in  the  case  of  lamp-black  but  in  larger  proportions. 
Concerning  Hiinefeld's  acid  of  carl/on-vajjour  (Kohlendunstsaure)  See  J.  ^J7'.  C/iem. 
7,29. 

4.  Deal  sawdust  did  not  change  colour  when  kept  several 
years  in  ivater  free  from  air.  (Saussure.  A?in.  Pharm.  42,  276)  — 
5.  Chlorine  attacks  principally  the  incrusting  substance:  the  cellulose  of 
wood  it  attacks  but  shghtly  or  not  at  all.'  (Payen ;  comp.  Cellulose  p.  134.) 

—  G.  Wood  is  blackened  by  contact  with  oil  of  vitriol  {pv- 136 — 138)  — 
7.  By  concentrated  nitric  acid,  it  is  converted  without  change  of  form 
into  substances  resembling  pyroxylin  (p.  135)  which  explode  by  heat ; 
it  is  coloured  yellow  or  brown  according  to  the  quantity  of  foreign 
substances  mixed  with  it.  Nitric  acid  extracts  colouring  matter  from 
ebony- wood  without  injuring  its  tissue.  (Dutrochet).  Oak,  fir-  and 
pine-wood  became  gelatinous  by  lying  four  days  in  fuming  nitric  acid ; 
when  afterwards  washed  with  aqueous  ammonia,  they  became  yellow, 
and  again  colourless  when  washed  with  water ;  under  the  microscope 
they  exhibited  a  cellular  structure,  and,  after  being  boiled  out  with  al- 
cohol, they  had  the  composition  of  cellulose  (43'72  to  44*20  p.  c.  C, 
5-92  to  5-99  p.  c.  H.,  49-84  to  50*36  0.).  No  xyloidin  is  thus  formed. 
(Mulder.)  —  Deal  sawdust,  dried  at  100°,  yields  oxalic  and  pectic 
acids  wiien  boiled  w^ith  2  pts.  water  and  5  pts.  nitric  acid.  (Sacc,  N. 
Ann.  Chim.  Phys.  25,  218;  J.  i^r.  Cheni.  46,  360).  Concerning  Sacc's  pectic 
acid  see  below. 

8.  When  treated  with  aqueous  alkalis^  wood  becomes  less  rich  in 
carbon,  because  incrusting  matter  is  removed  and  cellulose  remains  in 
a  state  of  greater  or  less  purity.    (Payen.)    (Comp.  Cellulose  p.  144,  Fr6my.) 

—  Sawdust  gives  oxalic  acid  and  hydrogen  by  the  action  of  fused 
potash,  in  the  same  way  as  cellulose.  (Gay-Lussac,  N.  Ann.  Chim. 
Phys.  41,  398;  Pogg.  17,  171.)  —  When  evaporated  to  dryness  with 
equal  quantities  of  potash  and  water,  almost  the  whole  quantity  of 
wood  is  dissolved  and  converted  into  ulmin  at  the  instant  of  frothing 
up  (Braconnot) ;  the  whole  quantity  of  wood  remains  almost  always 
unaltered.     (Schleiden,  Ann.  Pharm.  42,  302.) 

9.  In  the  manufacture  of  white  lead  by  the  Dutch  process  (v.  124), 
the  boards  which  are  exposed  to  the  action  of  the  air,  carbonic  acid, 
aqueous  vapom',  acetic  acid,  and  ammonia  at  an  elevated  temperature, 
become,  after  being  used  8  or  10  times,  each  time  for  30  to  40  days, 
brown  or  black,  light,  crumbly,  burn  almost  without  flame,  and  con- 
tain a  large  quantity  of  ammonia  and  other  salts,  together  with  mould. 
(Payen,  N.  Ann.  Chhn.  Phys.  16,  231.)  — 10.  Wood  exposed  to  the 
action  of  water,  particularly  of  sea-water,  in  contact  with  iron  and  air, 
becomes  at  first  black,  from  the  formation  of  a  compound  of  ferroso- 
ferric  oxide,  and  soon  afterwards,  the  ferric  oxide  acting  as  a  carrier 
of  oxygen,  crumbly  and  pulverisable ;  hence  iron  nails  cannot  be  used 
in  shipbuilding.     (Kuhlmann.) 

Tnterjjolation. 

1.  Cedriret.  Obtained  from  beech- wood  tar-oil.  The  oil  is  freed 
from  acetic  acid  by  neutralisation  with  carbonate  of  potash,  mixed 
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with  concentrated  potash-ley,  the  oil  which  swims  on  the  top  of  the 
ley  removed,  and  the  ley  neutralised  with  acetic  acid.  Part  of  the 
dissolved  oil  is  thus  separated  out,  while  another  part  remains  in 
combination  with  the  acetate  of  potash,  from  which  it  may  be  obtained 
by  distillation.  As  soon  as  a  drop  of  the  distillate  gives  a  red  preci- 
pitate with  aqueous  ferric  sulphate,  the  remainder  is  collected  apart. 
When  treated  with  ferric  sulphate  or  with  bichromate  of  potash  and 
tartaric  acid,  this  portion  becomes  red,  and,  on  standing,  deposits  red 
needles  of  cedriret.— Thin  red  needles,  which  decompose  when  heated, 
without  melting.  Infiammable,  burning  away  without  residue.  Dis- 
solves in  oil  of  vitriol  with  indigo-blue  colour,  which  becomes  yellow- 
brown  by  heat  or  dilution. —  Decomposed  by  concentrated,  not  by 
dilute  nitric  acid. —  Slightly  soluble  in  boiling  acetic  acid,  not  precipit- 
able  by  ammonia.  Soluble  with  purple  coluur  in  creosote,  precipitated 
crystalline  by  alcohol ;  not  soluble  in  other  solvents.  (Reichenbach, 
Berzd.  Jahresh.  15,  408.)  Volckel  {Ann.  Pharm.  86,  102)  did  not 
succeed  in  obtaining  Reichenbach's  cedriret. 

2.  Creosote.  Appendix  to  vol.  xi,  page  139.  —  Hlasiwetz  &  Earth 
obtained,  by  fractional  distillation  in  a  stream  of  hydrogen,  a  creosote 
which  distilled  between  205°  and  210°,  and  contained  74*57  p.  c.  C, 
8-09  p.  c.  IL,  and  17*34  p.  c.  0.  It  consists,  according  to  them,  of  a 
compound  called  creosol,  C^*H^°0*,  since  it  gives,  when  treated  with 
potassium  in  a  stream  of  hydrogen,  compounds  containing  C^^KIPO* 
and  C^'^KH^^O^  (and  bodies  of  similar  composition  when  treated  with 
ammonia,  hydrate  of  baryta,  bromine,  and  other  bodies)  and  at  the 
same  time  a  second  substance,  not  yet  isolated.  When  treated  with 
potassium,  it  yields  by  evaporation  a  small  quantity  of  a  colourless  oil 
which  is  more  fluid  than  creosote,  no  longer  becomes  solid  with  potash- 
hydrate,  distils  for  the  most  part  between  193°  and  195°,  and  contains 
on  an  average  75*4  p.  c.  C,  and  8*8  p.  c.  H.,  but  which  still  indicates 
the  presence  of  creosote  when  tested  with  alcohohc  ferric  chloride. 
The  products  obtained  from  creosote  by  distillation  with  lime,  or  by 
](mg  boihng.  with  potash,  are  probably,  according  to  them,  mixtures; 
iH^sulting  from  the  decomposition  of  the  creosote  and  of  the  second  con- 
stituent.   (Hlasiwetz,  Ann.  Pharm.  106,  339  :  for  details  sec  the  original  paper.) 

3.  Capnomor.  —  When  heavy  beech-wood  tar-oil  is  agitated,  as  for 
the  preparation  of  creosote,  with  potash-ley  of  sp.  gr.  1*20,  capnomor 
dissolves  together  with  the  creosote.  The  insoluble  oil  floating  on  the 
surface  is  removed;  the  alkaline  solution  is  boiled  for  some  time,  cooled^ 
and  supersaturated  with  sulphuric  acid;  and  the  dark-brown  oil  which 
Hcparates  is  distilled  after  the  addition  of  a  little  caustic  potash  ;  the 
distillate  is  shaken  up  with  potash-ley  of  sp.  gr.  1*16;  the  undissolved 
portion  removed ;  and  the  alkaline  solution  bofled,  cooled,  treated  with 
sulphuric  acid ;  and  the  mixture  of  creosote  and  capnomor,  which  sepa- 
rates, is  distilled  as  before.  The  same  treatment  is  repeated  three 
times  more  with  the  product,  but  each  tune  more  dilute  potash-ley  is 
used,  viz. :  first  of  sp.  gr.  1*12,  then  of  sp.  gr.  1*08,  and  lastly  of 
Rp.  gr.  1*05.  The  undissolved  oils  all  contain  capnomor,  but  the  portion 
which  remained  undissolved  when  treated  with  the  dilutest  potash-ley 
contains  the  most.  This  is  accordingly  mixed  with  an  equal  quantity 
of  oil  of  vitriol  (whereby  it  is  heated  and  coloured  red),  and,  when 
cold,  diluted  with  water  ;  it  is  freed  from  the  oil  which  swims  on  the 
surface,  and  then  neutraUsed  with  ammonia.     The   oil  which  thuis 
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separates  is  also  removed,  and  the  clear  liquid  distilled  ;  capnomor 
then  passes  over  towards  the  end  of  the  distillation,  and  is  again  dis- 
solved in  sulphuric  acid,  the  solution  diluted  with  water,  neutralised 
with  ammonia,  and  redistilled.  The  product  thus  obtained  is  washed 
with  potash-ley  and  rectified,  the  portion  which  passes  over  below  185° 
and  whose  specific  gravity  does  not  exceed  0*98,  being  collected.  — 
Colourless  oil,  refracts  light  strongly,  has  an  agreeable  aromatic  smell ; 
sp.gr.  0-9775,  at  20°;  boiling  point,  185°.  Neutral.  Burns  with  a 
smokeless  flame ;  permanent  in  the  air ;  not  affected  by  boiling  with 
red  lead,  oxide  of  copper,  or  mercuric  oxide,  but  reduces  permanganic  acid, 
acetate  of  silver,  and  terchloride  of  gold,  the  last  to  the  metallic  state.  — 
Decomposed  by  bromine  and  chlorine ;  coloured  green  and  then  brown 
by  nitric  acid  of  sp.  gr.  1*45 ;  decomposed,  when  heated  with  strong 
nitric  acid,  with  formation  of  oxalic  and  picric  acids  and  peculiar 
crystals.  —  Coloured  purple-red  by  oil  of  vitriol  oi  ^^.  gr.  1*85;  black, 
by  hot  oil  of  vitriol.  Water  or  aqueous  alkalis  do  not  separate  any  cap- 
nomor from  the  purple-red  solution ;  but,  the  acid  solution  partially 
saturated  with  potash,  deposits  a  combination  of  capnomor  with  acid 
sulphate  of  potash,  which  dissolves  again  on  heating,  and  crystallises 
by  cooling  in  cauliflower-like  shapes,  and  does  not  yield  any  capnomor 
to  alcohol. — Capnomor  is  but  little  changed  hj  potassium  or  sodium.  It 
dissolves  several  salts,  several  alkaloids,  and  many  other  vegetable 
substances ;  it  causes  caoutchouc  to  swell  up,  and  dissolves  it  with 
the  aid  of  heat.  —  It  dissolves  in  300  pts.  of  boiling  glacial  acetic  add, 
and  in  all  proportions  in  alcohol,  ether,  acetic  ether,  acetone,  fusel  oil,  oil  of 
turpentine,  and  creosote.  (Reichenbach,  J.  pr.  Chem.  1,  1 ;  Berzel. 
Jahresh.  15,  402.)  According  to  Volckel,  Reichenbach's  capnomor  does 
not  exist  ready  formed  in  tar-oil,  but  is  produced  during  the  treatment 
with  sulphuric  acid.  Volckel,  obtains  his  capnomor  [which,  however, 
Gorup-Besanez  (xi,  142,  145,  149)  and  Hlasiwetz  (p.  161)  regard  as  a 
product  of  the  decomposition  of  creosote]  by  dissolving  commercial 
creosote  in  excess  of  strong  potash-ley,  separating  the  undissolved 
oil,  and  boiling  the  alkaline  solution  for  a  long  time  after  dilution  with 
water  (see  xi,  149).  The  capnomor,  which  passes  over  with  the 
watery  vapour,  is  freed  from  creosote  by  agitation  with  strong  potash- 
ley,  then  distilled  with  water,  washed  with  dilute  sulphuric  acid,  and 
after  removal  of  the  water,  distilled  by  itself  over  chloride  of  calcium. 
Thus  obtained,  it  begins  to  boil  at  180°,  the  greater  part  distilling 
between  200°  and  208°  ;  but,  owing  to  a  slight  alteration  caused  by 
distillation,  it  leaves  a  small,  viscid,  dark-coloured  residue.  The  portions 
distiUing  between  200°  and  208°  have  sp.  gr.  0*995  at  15*5°,  and  a 
constant  composition  (on  an  average  81*22  p.  c.  C,  7*82  p.  c.  H.,  and 
10*96  p.  c.  0.)  corresponding  to  the  formula  C^^H^^O^  The  same 
capnomor  seems  to  be  formed  by  the  distillation  of  creosote  with  lime 
(xi,  149).     (Volckel,  Ann.  Pharm.  86,  99.) 

4.  Picamar. — Obtained  from  that  portion  of  the  heavy  tar-oil  which 
on  fractional  distillation  passes  over  with  sp.  gr.  between  0*9  and  1*15. 
{Berzelius,  Jahresh.  13,  354.  Subsequently  Reichenbach  employs  only 
tar-oil  of  sp.  gr.  1*08 — 1*16.)  The  tar-oil  is  mixed  with  8  pts.  potash- 
ley  of  sp.  gr.  1*16,  allowed  to  stand  for  a  few  days  in  the  cold,  whereby 
picamar-potash  gradually  crystalHses  out  (often  occupying  more  than 
one-half  the  bulk  of  the  liquid) ;  the  crystals  are  separated,  purified  by 
^repeated  crystallisation  from  boihng  potash-ley,  until  the  ley  runs  off. 
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colourless,  and  decomposed  by  dilute  phosphoric  (or  hydrochloric)  acid ; 
and  the  separated  oil  is  rectified  two  or  three  times  over  dilute  phosphoric 
acid,  and  lastly  alone  in  vacuo.  —  Nearly  colourless,  transparent,  thick 
oil ;  refracts  light  strongly  ;  unctuous  to  the  touch.  Does  not  solidify 
at  20°  ;  boiling  point  285°  with  715  mm.  pressure  ;  sp.  gr.  I'lO  at  20°. 
It  has  a  faint  and  not  unpleasant  smell ;  its  taste  is  unbearably  bitter 
and  burning,  but  the  after-taste  cooling  like  peppermint.  Neutral. 
Becomes  brown  by  boihng  in  the  air ;  not  inflammable  by  itself,  but  burns 
in  a  wick,  or  when  heated,  with  a  bright,  smoky  flame.  Chlorine  con- 
verts it  into  mould,  and  an  oil  insoluble  in  potash-ley ;  with  bromine  it 
gets  hot  and  is  coloured  red-brown.  Nitric  acid  changes  it  into  a  red- 
brown,  greasy  mass,  without  forming  cxahc  acid ;  oil  of  vitriol  does 
not  attack  it  below  150°.  —  Slightly  soluble  in  water.  With  caustic 
potash  (and  likewise  with  ammonia^  soda,  baryta,  and  lime)  it  gives  a 
crystallisable  compound,  which  is  decomposed  by  water  or  alcohol,  but 
not  by  carbonic  acid.  Dissolves  in  oil  of  vitriol  without  decomposition 
below  150°  ;  easily  soluble  in  acetic  acid;  soluble  in  all  proportions  in 
wood-spirit,  alcohol,  ether,  acetic  ether,  creosote,  and  sulphide  of  carbon.  It 
dissolves  sugar  of  lead,  cupric  acetate,  camphor,  oil  of  turpentine,  resin, 
picric,  and  benzoic  acids.  (Reichenbach,  Berzel.  Jahresb.  13,  354 ;  Schw. 
67,  274;  68,  295,  and  351.)  Yolckel  {Ann.  Pharm.  86,  103),  could  not 
succeed  in  obtaining  Reichenbach's  picamar. 

5.  Pittacal  is  produced  by  addition  of  baryta- water  to  impure 
alcoholic  picamar,  or  to  heavy  tar-oil,  the  acids  of  which  are  not  quite 
neutrahzed  by  caustic  potash.  It  gives  to  the  liquid  a  beautiful  indigo- 
blue  colour,  which  changes  after  some  time  into  red  or  black.  No 
method  for  preparing  it  in  the  pure  state  is  given.  Thrown  down 
from  its  solutions  as  a  flocculent  precipitate,  or  obtained  by  evaporation, 
pittacal  forms  a  dark-blue,  brittle,  staining  mass,  having  the  appearance 
of  indigo,  and  a  coppery  or  golden  metallic  lustre.  It  has  no  taste  or 
smell,  and  is  fixed  and  neutral.  Unalterable  by  light  and  air.  Becomes 
brown  like  mould  at  a  high  temperature  and  chars,  giving  off  an  ammo- 
niacal  smell.  Nitric  acid  decomposes  it.  —  It  is  not  properly  speaking 
soluble  in  water,  but  is  so  finely  divided  when  shaken  up  with  water 
that  the  mixture  passes  clear  through  a  filter.  It  dissolves  with  crimson 
colour  in  diluted  sulphuric  or  hydrochloric  acid,  and  abundantly  with 
aurora-red  colour  in  acetic  acid;  alkahs  restore  the  original  blue  colour: 
the  smallest  trace  of  ammonia  suffices  to  do  so  in  the  acetic  acid-solu- 
tion. It  is  quite  insoluble  in  free  aqueous  alkalis,  and  is  precipi- 
tated by  them  from  its  aqueous  or  acid  solution  in  blue  flakes,  which 
appear,  under  the  microscope,  to  be  made  up  of  fine  needles.  It  forms 
a  black-blue  combination  with  lime,  and  beautiful  dark-blue  precipi- 
tates, which  are  unaffected  by  caustic  ammonia  in  excess,  with  (even 
slightly  acid)  solutions  of  sugar  of  lead,  salt  of  tin,  sulphate  of  cupram- 
monium,  acetate  of  alumina,  &c.  By  means  of  salt  of  tin  and  acetate  of 
alumina,  it  can  be  made  to  dye  cotton,  wool,  and  linen.  It  is  insoluble 
in  alcohol,  ether,  and  eupion.  (Reichenbach,  Schw.  68,  1.)  Yolckel 
{Ann.  Pharm.  86,  103)  did  not  succeed  in  obtaining  Reichenbach's 
pittacal. 

6.  Brunolic  acid.  —  Produced,  at  the  same  time  as  rosolic  acid 
(xi,  153),  by  treatment  of  coal-tar  with  alkaHs.  Preparation  xi,  153, 
154.      A  vitreous,    shining,    easily    pulverisable    mass     resembling 
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asphalt.     Most  of  its  compounds  are  brown  and  insoluble.     It  dis- 
solves in  alcohol.     (Runge,  Pogg,  31,  71.) 


Second  Appendix  to  Cellulose. 

1.  Ligno-sulphuric  Acid. 

Braconnot.     Ann.  Ckm.  Phys.  12,  185;  Schiv.  27,  340;  Gilh.  63,  3G0. 
Blondeau  de  Carolles.     Rev.  sclent.  14,  476  ;  /.  lyr.  Chem.  32,  459. 
Marchand.     J.  pr.  Chem.  35,  200. 

Holzschwefelsdure,  PJlanzenschwefeh'dure ;  Acide  vegeto-sulfurique  ou  sulfa- 
lignique. 

The  copulated  acid  formed  by  the  action  of  oil  of  vitrol  on  cellulose  is  identical, 
according  to  Gerhardt  {Traite,  2,  548),  with  sulphamidonic  acid.  If,  however^  as 
Bechamp's  investigations  render  probable,  cellulose-dextrin  is  different  from  starch- 
dextrin,  it  will  follow  that  there  must  be  a  difference  between  the  two  acids,  even 
though  existing  experiments  do  not  suffice  to  prove  it.     (Kr.) 

Formation.  By  the  action  of  oil  of  vitriol  on  hemp,  linen,  cotton, 
or  paper ;  the  gum  (Bechamp's  cellulose-dextrin)  which  is  first  formed, 
uniting  with  the  sulphuric  acid.     (Braconnot.) 

Preparation.  The  solution  obtained  by  triturating  cotton-wool 
with  oil  of  vitriol  is  mixed,  as  soon  as  it  is  clear,  with  a  large  quantity 
of  water,  and  the  solution  is  neutralised  with  carbonate  of  lead  or  car- 
bonate of  baryta;  from  the  resulting  solution  of  ligno-sulphate  of  lead 
or  of  baiyta  hydrosulphuric  or  carbonic  acid  separates  ligno-sul- 
phuric acid ;  the  solution  is  evaporated  to  dryness,  the  residue  dis- 
solved in  water  and  precipitated  with  ether-alcohol.  (Blondeau.) — • 
Marchand  allows  oil  of  vitriol  to  stand  for  four  weeks  upon  Swedish 
paper,  neutralises  the  diluted  solution  with  lime,  and  separates  the 
acid  from  the  lime-salt. 

Properties.     Uncrystallisable,  strongly  acid  syrup. 

Becomes  brown  at  a  gentle  heot^  and  blackens  below  100°,  yielding 
sulphuric  acid  and  charcoal;  it  blackens  more  quickly  above  100°,  and 
evolves  sulphurous  acid.  (Braconnot.)  —  The  aqueous  acid  splits  up 
into  sulphuric  acid  and  dextrin  when  heated.     (Blondeau.) 

Combinations.     Deliquesces  in  the  air  and  dissolves  easily  in  water. 

With  Bases.  —  Ligno-sulphates.  —  The  aqueous  acid  dissolves 
metallic  oxides  and  carbonates  and  forms  amorphous  deliquescent 
salts.  (Braconnot.)  These  salts  evolve  sulphurous  acid  when  heated 
and  leave  a  residue  of  sulphate  and  charcoal.  (Braconnot.)  —  The 
baryta-salt  and  lead-salt  are  decomposed  by  carbonic  acid.    (Blondeau.) 

Ligno-sulphate  of  Baryta.  —  The  aqueous  solution  of  this  salt  ob- 
tained in  the  preparation  of  ligno-sulphuric  acid  is  evaporated  in  vacuo. 
(Blondeau.) 
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Calculation  according  to  Blondeau  de  CaroUes. 

Blond,  de  CaroUes. 

18  C 108        ....     24-79     ....     24-46 

19  H     19        ....       4-36     ....       4-25 

19  0 152        ....     34-92     ....     36-19 

2  S03 80        ....     18-37     ....     18-CO 

BaO 76-5     ....     17'56     ....     17-10 

Ci8Hi80^2S03,BaO,HO   435-5     ....  lOO'OO     ....  10000 

Lig no-sulphate  of  Lime, — a.  By  saturating  the  aqueous  acid,  obtained 
as  above  described,  with  chalk  and  evaporating  the  filtrate,  a  colourless 
gum  is  obtained,  which  is  easily  decomposed  by  heat,  is  deliquescent 
and  readily  soluble  in  water. — h.  The  solution  obtained  by  the  action 
of  oil  of  vitriol  on  cellulose  for  12  hours  is  diluted  and  saturated 
with  chalk  ;  the  solution  evaporated  in  vacuo,  gives  a  pale  yellow  mass, 
which  is  decomposed  by  heat  in  the  same  way  as  the  lead- salt. — c. 
Oil  of  vitriol  is  allowed  to  act  on  cellulose  for  24  hours,  and  the  pro- 
duct treated  as  in  h.  (Blondeau.) 


Blondeau  de  CaroUes. 

Marchand. 

a. 

b. 

c. 

d. 

c 

27-43     . 

..     21-62     .. 

..     13-68 

....     46-42 

H 

5-16     . 

..       4-42     .. 

..       282 

....       6-68 

O 

40-82     . 

..     34-49     .. 

..     24-52 

....     15-34 

S03 

19-70     . 

..     28  90     .. 

.     43-62 

••  •  j  31-56 

CaO 

6-89     . 

..     10-67     .. 

..     15-36 

100-00     . 

..  100-00     .. 

.  10000 

....  10000 

d.  Prepared  from  paper. — Blondeau  de  CaroUes  gives  tbe  following  formulae :  for 
a,  Ci8Hi«Oi8,2S03Ca,0,2HO ;  for  i,  CioHioO»o,2S03,CaO,2HO;  fore,  C^H^0^2SO3, 
CaO,2HO.     According  to  Marchand,  d=Q^n\:^^0\2C^O,^0\ 

Ligno-sulphate  of  ZeaJ.— Obtained  by  evaporating  in  vacuo  the  solu- 
tion obtained  in  the  preparation  of  ligno-sulphuric  acid. — Feathery 
crystals,  or,  when  thoroughly  dried  in  vacuo,  a  white  pulverulent  mass. 
— Softens  at  100'',  becomes  darker  coloured  and  then  golden  yellow. 
At  a  little  above  100°  it  evolves  carbonic  oxide  and  sulphacetic  acid,  the 
strongly  smelling  vapour  of  which  excites  tears.  When  long  boiled 
with  water,  it  yields  a  precipitate  of  sulphate  of  lead  while  grape-sugar 
(whose  composition  corresponds  to  the  formula  C^^H^'O*^)  and  sul- 
phuric acid  remains  in  solution.  —  Deliquesces  in  the  air  to  a  thick 
syrup,  and  dissolves  readily  in  water.  —  Chlorine,  in  aqueous  ligno- 
sulphate  of  lead,  produces  hydrochloric  acid,  oxide  of  lead,  and  a 
peculiar  gum,  but  no  sulphate  of  lead.  —  Insoluble  in  alcohol  and  ether, 
(Blondeau  de  CaroUes.) 

Calculation  according  to  Blondeau  de  CaroUes. 

Blondeau  de  CaroUes. 

18  C   108        ....     22-51     ....  21-07 

20  H  20        ....       4-17     ....  4-21 

20  O   160        ....     32-67     ....  32-98 

2  S03    80        ....     16-88     ....  18-63 

PbO    111-7     ....     23-77     ....  23-11 

Ci8Hi80i^2SO',rbO,2HO 479*7     ....  100*00    ....  100*00 
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2.  Ternitrocellulose. 

Bechamp.     N.  Ann.  Chim.  Phys.  46,  342 ;  abstr.  Compt,  rend.  41,  817 ; 
J.  pr.  Chem.  68,  51. 

Cellulose  trinitrique.     (Bechamp.)  j 

Formation,  1.  By  the  action  of  alcoholic  potash  on  pyroxylm  dis- 
solved in  ether-alcohol,  whereby  two-thirds  of  the  nitrogen  separate  as 
nitrate  of  potash.  (Bechamp.  —  Comp.  p.  178)  —  2.  In  the  preparation  of 
gim-cotton  with  nitric  acid  of  sp.  gr.  1'41  — 1*45,  the  chief  product  is 
ternitrocellulose;  quintonitrocellulose  is  also  formed  when  fuming 
nitric  is  used.  (Gladstone,  Mem.  Chem.  Soo.  3,  412.) 

Properties.  When  freshly  precipitated,  resembles  gelatinous  sihca ; 
shrinks  to  an  amorphous  yellowish  gum  by  drying  at  the  common 
temperature  or  at  100°.     Hard  and  pulverisable.  (Bechamp.) 

Gladstone.  Bechamp. 

meariy  at  100°. 

24  C U4     ....     31-37     ....     3085     ....     31-01 

3N 42     ....       915     ....       —        ....       9-GO 

17  H 17     ....       3-72     ....       3-76     ....       4*27 

32  0 256  ....  55-76  ....   —   ....  55-12 

C24X3H17O20 459  ....  100-00  ....       ....  100-00 

According  to  Bechamp,  it  contains  nitric  acid  as  a  proximate  constituent.     See  p.  1 74 

Decompositions.  1.  Ternitrocellulose  (prepared  by  process  2)  kept 
for  some  years  exposed  to  lights  evolved  nitric  acid  vapours  and  was 
changed  into  gum.  (Gladstone.)  —  2.  Not  altered  at  160°,  but 
ea^pZo^es  at  168°,  leaving  a  large  residue  of  charcoal.  (Bechamp.)  — 
3.  Nitro-sulphuric  acid  converts  the  product  of  process  2  into  gun- 
cotton.  (Gladstone.)  —  4.  Dissolved  by  boiling  hydrochloric  acid  with 
evolution  of  chlorine.  (Bechamp.)  —  5.  Sulphuretted  hydrogen  decom- 
poses the  alcoholic  solution,  precipitating  sulphur  and  afterwards 
flakes  containing  sulphur,  which  dissolve  in  water,  are  precipitated 
therefrom  by  alcohol,  and  do  not  explode  by  heat.  —  6.  Aqueous 
ferrous  chloride  converts  it  into  amorphous  cellulose.     (Bechamp.) 

Combinations.  Insoluble  in  water ;  dissolves  readily  in  fuming  nitiic 
acid.  (Bechamp.)  As  obtained  by  process  2,  it  is  soluble  in  nitric 
acid  of  sp.  gr.  1-25  — 1*5,  and  in  oil  of  vitriol.  (Gladstone.)  Dissolves 
easily  in  fuming  hydrochloric  acid,  and  is  precipitated  therefrom  by 
water ;  also  in  dilute  potash-ley,  whence  it  is  precipitated  by  acids ;  and 
in  boiling,  but  not  in  cold,  glacial  acetic  acid.     (Bechamp.) 

Ammoniacal  sugar  of  lead  throws  down  a  white  precipitate  from  an 
alcoholic  solution  to  which  enough  water  has  been  added  to  produce 
incipient  turbidity.     (Bechamp.) 

Forms  with  alcohol  a  very  fluid,  easily  filtered  solution,  from  which 
water  throws  down  a  finely  divided  precipitate  which  balls  together 
on  drying  or  on  addition  of  ether.     (Bechamp.) 
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Soluble  in  ether,  (Bechamp.)  Fibrous  ternitrocellulose  dissolves 
with  difficulty  in  alcohol^  ether,  ether-alcohol,  and  acetic  ether  ;  powdery 
ternitrocellulose  dissolves  easily  in  these  hquids,  also  in  glacial  acetic 
acid.     (Gladstone.) 


3,  Quadrinitrocellulose. 

Bechasip.     N.Ann.  Chi/in.  Phijs.  37,  207;  J.  pr.  Chem.  68,   15.  — iV^. 

Ann.   Chim.  Phys.  46,  347. 

Cellulose  ietranitrique. 

Formation  and  Preparation.  The  thick  solution  of  pyroxylin  in 
40  pts.  ether  and  15  pts.  alcohol  of  86  p.  c.  becomes  quite  fluid  when 
ammonia  gas  is  passed  into  it  for  half  an  hour,  and,  when  then  poured 
into  a  large  quantity  of  water,  yields  quadrinitrocellulose  in  the  form 
of  a  white  powder. 

Properties.  A  light,  white  powder,  without  taste  or  smell ;  be- 
comes electric  by  friction.  When  dried  over  oil  of  vitriol  at  20°,  it 
retains  1*73  p.  c.  water,  which  goes  off  slowly  at  100°  (1  at. 
HO  =  1-72  p.  c.) 

Bechamp. 
at  100°.  mean. 

24  C  144     ....     28-07     ....     28-22 

4N" 56     ....     10-92     ....     10-78 

17  H 17     ....       3-31     ....       3-57 

37  O  296     ....     57-70     ....     57-43 

C24X4H17021  513     ....  100-00     ....  100-00 

Bechamp  gives  the  rational  formula  C^^W^O^"^ A^O^  (see  p.  174)  ;  the  formula 
C2'*X^Hi^0-*',  which  contains  1  at.  HO  less,  is  also  admissible  according  to  his  analyses. 

Decompositions.  Evolves  red  vapours  when  heated  in  a  tube  to 
145°— 150°;  explodes  at  158°,  leaving  a  residue  of  charcoal. — 
Evolves  chlorine  in  abundance  when  heated  with  fuming  hydrochloric 
acid.  — Remains  apparently  unchanged  by  nitro -sulphuric  acid ;  dissolves 
in  fuming  nit?'ic  acid,  and  is  precipitated  therefrom  (perhaps  as  quin- 
quenitrocellulose)  by  water.  —  Slowly  converted  by  sulphuretted  hy- 
drogen in  an  ether-alcohohc  solution,  into  the  same  products  as  ternitro- 
cellulose. —  Converted  by  ferrous  chloride  into  amorphous  cellulose.  — 
Insoluble  in  dilute  j)otash-ley;  dissolves  with  decomposition  in  strong 
ley :  acids  precipitate  ternitrocellulose  from  the  solution. 

Insoluble  in  water ;  dissolves  slowly,  without  evolution  of  gas,  in 
oil  of  vitriol.  Insoluble  in  glacicd  acetic  acid  either  cold  or  warm.  Does 
not  dissolve  in  either  alcohol  or  ether,  but  dissolves  very  easily  in  ether- 
alcohol  ;  water  throws  down  from  the  solution  flocks  which  do  not  ball 
together. 
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4.  Pyroxylin. 

Otto  (1846).    Avgsb,  Allg,  Zeitung,  vom  5  Octh\  1856;   J.  pr.  Ckem. 

40,  193 ;  abstr.  Compt.  rend.  23,  807. 
SciioNBEiN  &  BoTTGER.     Allff.  Zeitung.  1847,  Nro.  3,  Beilage,  21 ;  Fogg, 

70,  320 ;   Compt,  rend.  23,  678. 
Dumas.     Compt.  rend.  23,  806  and  983. 
ScribNBEiN.     Bibl.  univers.  [4]  3,  18;  Ann.  des  Scienc.  phys.  natur.  4,  20 

and  28. 
Pelouze.  Comin.  rend.  23,  809,  838,  861,  892  and  1020.—  Compt.  rend. 

24,  2;  J.pr.  Chem.  AO,  414. 
Knop.     Compt.  rend.  23,  808. 

AvEROS.     Compt.  rend.  23,  874 ;  J.  pr.  Chem.  40,  197. 
FoRDOS  &  Gelis.     Compt.  rend.  23,  982. 

Gaudin.     Com2-)t.  rend.  23,  980  and  1099  ;  abstr.  J.pr.  Chem.AO,  418. 
Payen.     ComjJt.  rend.  23,  999  and  1096.  —  Comp)t.  rend.  24,  81. 
CoTTEREAu.     Compt.  rend.  23,  1157;  abstr.  J.pr.  Chem.AO,  418. 
Menard  &  Flores  Domonte.     liecueil  des  trav.  de  la  Soc.  Pharm.  1847, 

104;     abstr.   N.    J.   Pharm.  12,    Ih^.  — Compt.   rend.   23,    1087. 

—  Compt.  rend.  24,  87 ;  abstr.  J.  i^r.  Chem.  40,  421. —  Compt.  rend. 

24,  390. 
VAN  Kerckhoff.     Compt.  rend.  23,  1140 ;  J.  pr.  Chem.  40,  284. 
VAN  Kerckhoff  &  Reuter.     J.  pr.  Chem.  40,  262. 
Schmidt  &  Hecker.     J.  ^;r.  Chem.  257. 
Peligot.     Comp>t.  rend.  23,  1085. 

De  Vrij.     Compt.  rend.  24,  19  ;  abstr.  J.  pr.  Chem.  40,  420. 
SoBRERO.     Compt.  rend.  24,  247  ;  abstr.  J.  iw.  Chem.  40,  421. 
Ransome.     Phil.  Mag.  J.  30,  1. 
Porrett  &  Teschemacher.     Phil.  Mag.  J.  30,  273  ;  Mem.  Chem.  Soc. 

3,  258. 
Porrett.      Phil.   Mag.   J.   30,  409  ;  3Iem.  Chem.  Soc.  3,  287 ;  J.  pr. 

Chem.  41,  208. 
Walter  CRmi.      Phil.  Mag.  J.  30,  426 ;  J.  pr.  Chem.  41,  201 ;  Ann. 

Pharm.  62,  233. 
Gladstone.     3fe7n.  Chem.  Soc.  3,  412 ;  Pharm.  J.  Trans.  11,  401. 
Jean.     Conqot.  rend.  24,  1053. 
SouBEiRAN.     N.  J.  Pharm.  14,  263. 
Bechamp.     N.  Ann.  Chim.  Phys.  37,  207 ;  abstr.   Compt,  rend.  35,  473  ; 

/«s^.  1852,  318;  N.   J.   Pharm.  22,    440;    J.  pr.    Chem.    58,   15; 

Pharm.  Centr.  1852,  822,.— Compt.  rend.  37,  134;  Inst.  1853,    261; 

J.pr.  Chem.  60,    187;  Pharm.    Centr.  1853,  703.  — iV.  Ann.  Chim. 

Phys.  46,  338  ;  abstr.  Compt.  rend.  41,  817;  J.pr.  Chem.  68,  51. 
Mann.     J.  p)r.  Chem.  59,  241. 

Hadow.     Chem.  Soc.  Qu.  J.  7,  201 ;  Chem.  Centr.  1855,  202 ;  /.  pr, 
Chem.  64,  169. 

Gun-cotton.  —  Schiessbaumwolle,  Explodirende  Baumwolle.  —  Pyroxyle  (Pelouze), 
Fulmin  (Marx),  Coton  azotique  (Gaudin),  hypoazotique  (Payen),  Colon  fulminanty 
Tissui  diolectrique  explosif  (Meynier),  Cellulose  mtree  ox  jyentanitrique  (Bechamp), 
Poudre -coton,  Coton-poudre,  Fulmicoton. 

The  explosive   substances  prepared  by  Pelouze  in   1838  {Compt.  rend.  7,  713 ; 
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/.  pr.  Chem.  16,  168),  by  treating  cotton-wool,  paper,  and  hemp  with  nitric  acid,  were 
regarded  as  identical  with  xyloVdin,  until  Schonbein  in  1846  announced  the  discovery  of 
explosive  cotton-wool  applicable  as  a  substitute  for  gunpowder.  The  method  of  pre- 
paring it,  which  he  kept  secret,  or  at  any  rate  a  method  which  equally  yielded  pyroxylin, 
was  immediately  afterwards  discovered  by  Bottger  and  by  Otto,  and  published 
by  the  latter.  Knop  afterwards  advantageously  substituted  nitro- sulphuric  acid  for 
the  concentrated  nitric  acid  employed  by  Otto  in  the  preparation  of  pyroxylin. 

Pyroxylin  prepared  according  to  the  methods  given  below  seldom 
consists  of  a  single  substance,  but  is,  for  the  most  part,  a  mixture  of 
several  compounds,  apparently  of  ter-,  quadri-,  and  quintonitrocellu- 
lose,  the  latter  of  which  chiefly  prevails,  and  is  perhaps  under  certain 
conditions  obtained  by  itself.    (For  details  see  below.) 

Formation.  1.  By  treating  cotton- wool  with  fuming  nitric  acid. 
(Otto.)  Ter-  and  quinto-nitrocellulose  are  thus  formed.  (Gladstone.)  —  2.  By 
treatment  with  nitro-sulphuric  acid.  (Knop.)  —  3.  By  treatment  with 
a  freshly  prepared  mixture  of  saltpetre  and  oil  of  vitriol.  (Millon  & 
Gaudin).  Pyroxylin  prepared  according  to  2  and  3  consists  essen- 
tially of  quinto-nitrocellulose.  (Gladstone,  Bechamp.)  —  Paper  (Pe- 
louze),  wood,  and  sawdust  are  similarly  converted  into  explosive 
compounds  by  treatment  with  the  above  mixtures.  (Bley,  Compt, 
rend.  23,  809  ;  comp.  also  Bonjean,  Compt.  rend.  24,  190) ;  also  the  epider- 
mis of  the  cactus.     (Payen.) 

In  the  transformation  of  cotton  into  pyroxylin,  water  is  the  only 
other  product  formed.     (Pelouze  and  others.) 

An  explosive  substance  whose  identity  with  pyroxylin  seems 
doubtful  (see  p.  86  and  p.  106)  is  likewise  formed  by  dissolving  starch 
in  nitrosulphuric  acid  (De  Vrij,  Compt.  rend.  24,  19),  or  by  dissolving 
xyloidin  in  nitric  acid  and  precipitating  with  sulphuric  acid.  (Cottereau, 
Compt.  rend.  24,  205.) 

PrejMration.  Purified  cotton-wool  is  immersed  in  an  appropriate 
mixture  of  saltpetre  and  oil  of  vitriol,  or  of  nitric  acid  and  oil  of  vitriol, 
allowed  to  remain  in  it  a  shorter  or  a  longer  time  according  to  the 
degree  of  concentration  and  the  temperature  of  the  mixture,  then 
washed,  first  with  rain-water,  afterwards  with  distilled  water,  till  the 
adhering  acid  is  completely  removed,  and  finally  dried.  For  the  pre- 
paration of  collodion,  or  pyroxylin  soluble  in  ether-alcohol,  the  acid 
mixtm-es  employed  are  different  from  those  used  for  the  preparation  of 
explosive  pyroxylin,  as  will  be  seen  from  what  follows. 

a.  To  obtain  explosive  pyroxylin.  Purified  cotton-wool  is  immersed  in 
a  mixture,  previously  cooled  to  10°  or  15°,  of  1  measure  nitric  acid  of 
sp.  gr.  1*45  — 1*50  with  3  measures  oil  of  vitriol  of  sp.  gr.  1*85,  and 
the  imbibition  of  the  acid  is  rendered  as  uniform  as  possible  by  stir- 
ring and  dividing  the  wool.  The  greater  part  of  the  acid  is  removed 
from  the  cotton- wool  by  pressing  it  with  a  pestle  ;  it  is  then  allowed 
to  stand  for  an  hour  ;  washed  in  a  stream  of  water  till  all  acid  reaction 
has  disappeared,  and  finally  with  a  very  dilute  solution  of  potash,  and 
dried  at  65°.  (Schonbein,  Dingl.  104,  450;  Lieb.  Kopp.  Jahresher, 
1847-1848,  1142.) 

h.    To   obtain  pyroxylin  soluble  in  ether-alcohol  (collodion-wool).    1  OUnce  of 

cotton-wool  is  plunged  into  a  mixture   (which  should  be  prepared 
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immediately  before  use)  of  16  oz.  saltpetre,  12  oz.  common  oil  of  vitriol, 
and  12  oz.  Nordhausen  sulphuric  acid  ;  it  is  stirred  without  interruption 
for  5  minutes ;  the  whole  contents  of  the  vessel  are  then  poured  intoja 
large  quantity  of  hot  water ;  and  the  cotton  is  collected,  and  washed  in 
a  tin  colander  till  all  adhering  acid  is  thoroughly  removed.  (iV^.  Bj\ 
Arch.  104,  274.)  If  the  operation  is  performed  with  the  foregoing 
quantities,  and  the  saltpetre  thrown  cold  into  the  acid,  the  mixture 
possesses,  immediately  after  being  made,  a  temperature  of  68° — 71°, 
which  is  the  temperature  which  answers  best  for  the  preparation  of 
collodion-wool. 

1.  Preliminary  treatment  of  the  cotton-wool.  The  cotton  is  boiled  for 
some  hours  with  weak  soda-ley,  and  then  well  washed  with  water, 
next  with  very  dilute  hydrochloric  acid,  and  lastly  again  with  water, 
(van  Kerchoff  &  Renter.)  Carded  cotton  is  treated  successively,  at 
the  boihng  heat,  with  weak  soda-ley,  solution  of  chloride  of  lime,  dilute 
nitric  acid,  and  water.  (Walter  Crum.)  —  Schmidt  &  Hecker  chop  up 
the  cotton-wool  till  it  becomes  like  cloth-shearers'  dust.  Berard{(PoZ?/?. 
Centr.  1858,  892)  employs  cotton-shearings  {Scherflochen  der  Baumwolle) 
of  which  the  same  quantity  of  acid  can  moisten  a  larger  quantity  than 
of  carded  cotton. 

2.  Processes  with  nitric  acid  alone.  Cleaned  cotton- wool  dipped  for 
half  a  minute  into  fuming  nitric  acid,  then  immediately  into  frequently 
renewed  water,  so  as  perfectly  to  remove  all  adhering  acid,  and  diied, 
is  changed  into  an  explosive  substance,  which  explodes  under  the 
hammer  like  fulminating  mercury,  and  burns  away  like  gunpowder 
when  touched  with  a  spark.  (Otto,  ^T.  ^^r.  Chem.  40,  193.)  — 100  pts. 
cotton-wool  left  in  contact  with  nitric  acid,  whether  for  a  few  minutes, 
or  for  several  days,  yield  168 — 170  pts.  pyroxylin.  (Pelouze,  Compt,\ 
rend.  23,  892  ;  J.  pr.  Chem.  40,  200.) 

By  dissolving  cotton-wool  in  nitric  acid  of  sp.  gr.  1*45  and  precipi^ 
tating  the  solution  with  water,  ternitrocellulose  is  obtained.  (Glad- 
stone, Chem.  SoG.  Mem.  3,  412.) 

3.  Processes  with  nitro-sulphuric  acid.     1  pt.  (or  more  :  Knop)  fuming] 
nitric  acid  is  mixed  with  1  pt.  oil  of  vitriol  and  allowed  to  stand  (atj 
least  3  minutes :  van  Kerclchoff^  Renter)  a  few  minutes  or  longer  (Knop). 
For  1  measure  oil  of  vitriol,  Pelouze  takes  1  measure  fuming  nitric 
acid  ;  Walter  Crum  takes  3  measures  ;  Ransome,  2  measures ;  Mey- 
nier  {Compt.  rend.  26,  44)  f  measure.     Gaudin  immerses  the  cotton- 
wool for  a  few  seconds  ;  Meynier  and  Walter  Crum  for  an  hour. —  Be 
Vrij  mixes  the  cotton- wool  rapidly  with  nitric  acid,  warms  the  mixture  J 
to  30°  or  35°,  and  precipitates  the  solution  (which  is  at  first  thick  and] 
turbid,  but  afterwards  becomes  clear)  with  oil  of  vitriol. 

Edwards  (J.  Chim.  med.  25,  54)  prepares  collodion-wool  with  equalj 
measures  of  oil  of  vitriol  and  of  nitric  acid  of  sp.  gr.  1*52,  allowing  the] 
mixture  to  act  for  1  minute  ;  Hadow  uses  104  pts.  oil  of  vitriol  of  sp. 
gr.  1*833  and  89  pts.  nitric  acid  of  sp.  gr.  1*424,  and  operates  at  55°. 

If  the  acids  are  either  too  concentrated  or  too  dilute,  they  do  not  give] 
soluble  collodion- wool ;  the  following  are,  however,  good  proportions 
- — 13  pts.  sulphuric  acid  of  sp.  gr.  1*632,  12  pts.  nitric  acid  of  sp.  gr. 
1*512-1*518,  and   1  pt.   cotton-wool ;   or,  45  pts.  sulphuric  acid  of! 
sp.  gr.  1*75,  12  pts.  nitric  acid  of  sp.  gr.  1*512-1*518,  and  1  pt.  cotton- 
wool.    The  mixture  is  cooled  to  5°,  the  cotton-wool  stirred  in,  and  the] 
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whole  allowed  to  stand  for  24  houi's  in  a  covered  vessel  at  5°-8°. 
At  40°-50°,  one  hour  suffices  for  the  action,  the  collodion- wool 
obtained  is  not  however  always  equally  good.  Collodion- wool  which 
has  been  rendered  insoluble  by  using  too  strong  sulphuric  acid  may  be 
made  soluble  by  treatment  with  the  proper  mixture  of  acids;  and, 
inversely,  soluble  collodion-wool  can  be  rendered  insoluble  by  very 
concentrated  acids.     (Mann.) 

Hadow  added  to  a  mixture  of  1  at.  nitric  acid  (NO", HO),  with  2  at. 
sulphuric  acid  (SO^,HO),  quantities  of  water  increasing  from  1  to  5 
atoms,  and  obtained  with  the  resulting  Hquids  pyroxylin  of  variable 
properties.  100  pts.  cotton- wool,  dried  at  100°,  were  converted,  by 
several  hours'  action  of  the  mixture  N0^H0  +  2(S0^H0)  + HO,  into 
177  pts.  pyroxyhn  (weighed  after  drying  in  vamo  over  oil  of  vitriol), 
which  was  insoluble  in  ether-alcohol.  100  pts.  cotton-wool  acted  on 
by  the  mixture  NO^HO  +  2(S02,HO)  4- 2H0  became  176  pts.  pyroxylin, 
and  with  the  mixture  NO^HO-^2(SO^HO)  +  3HO,  171*7  pts.  pyroxylin, 
like  the  first,  nearly  insoluble.  Mixtures  of  nitric  and  sulphuric  acid  in 
the  above  proportions,  but  containing  3^,  3f ,  4,  and  5  atoms  water 
yielded  respectively  166*4,  160*5,  157,  and  140  pts.  of  a  product  soluble 
in  ether-alcohol,  but  repetition  of  the  experiments  did  not  give  exactly 
the  same  results.  At  15°,  the  mixture  NO«,HO -f  2(S02HO) -{- 3H0 
gave  a  product  soluble  in  ether-alcohol;  at  55°,  a  product  insoluble 
in  ether-alcohol.  Mixtures  containing  more  water  yielded  soluble  pro- 
ducts at  both  temperatures  ;  but  the  pyroxyhn  prepared  at  a  low 
temperature  formed  thick,  glutinous  solutions;  that  prepared  at  a 
higher  temperature  perfectly  fluid  solutions.     (Hadow.) 

When  the  acid  mixture  is  saturated  with  hyponitric  acid,  it  attacks 
-the  cotton-wool  more  violently ;  but  yields  a  slightly  explosive  pro- 
duct, which  dissolves  in  ether-alcohol ;  whereas  nitro-sulphuric  acid, 
containing  no  hyponitric  acid,  yields  a  large  quantity  of  highly  explo- 
sive pyroxyhn.     (Pelouze,  Compt.  rend,  24,  86.) 

c.  Processes  with  saltpetre  and  oil  of  vitriol.  All  these  processes  aim  at  the 
production  of  collodion-wool.  —  Mialhe  {N.  J,  Pharm.  24,  263)  employs,  for 
1  pt.  cotton-wool,  20  pts.  dry  saltpetre  and  30  pts.  fuming  sulphuric 
acid,  and  allows  the  action  to  go  on  for  3  minutes.  Livonius  {N.  J, 
Pharm.  16,  122)  and  Magnes-Lahens  {N.  J.  Pharm.  16,  353)  operate 
in  the  same  way,  but  employ  common  oil  of  vitriol  and  allow  the 
action  to  continue  for  5  minutes. 

Mann  recommends  as  the  best  mixture  20  pts.  saltpetre,  and  31  pts. 
oil  of  vitriol  of  sp.  gr.  1*83  to  1*835  ;  he  allows  the  mixture  to  cool  to 
below  50°,  and  then  lets  1  pt.  cotton-wool  lie  in  it  for  24  hours  at  28° 
or  30°.  If  the  cotton- wool  remains  for  5  or  6  days  in  the  mixture,  at 
about  30°,  the  product  is  all  the  better;  if  the  action  is  only  continued 
for  16  or  20  minutes  the  product  is  imperfect.  He  also  obtained  good 
eoUodion-wool  with  the  following  mixtures  :  1  pt.  cotton-wool  to 
10  pts.  saltpetre  and  33  pts.  sulphuric  acid  of  sp.  gr.  1*80;  1  pt. 
cotton-wool  to  17  pts.  nitrate  of  soda  and  68  pts.  sulphuric  acid  of 
sp.  gr.  1*79,  or  to  34  pts.  nitrate  of  soda  and  Q>Q  pts.  sulphuric  acid  of 
sp.  gr.  1*80.  When  nitrate  of  soda  is  used,  the  acid  mixture  is  allowed 
to  stand  24  hours  before  the  cotton-wool  is  put  into  it ;  the  cotton- 
wool is  then  left  in  it  for  5  days  at  30°. 

According  to  Legray  {Gerhardt,  Traite,  2,  509)  excellent  collodion 
for  photographic  purposes,  and  completely  soluble  in  ether,  is  obtained 
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by  operating  as  follows : — 80  grammes  powdered  nitrate  of  potash  is 
placed  in  a  capacious  dish,  120  grammes  concentrated  snlphmic  acid  is 
poured  upon  it,  and  the  whole  well  mixed  ;  4  grammes  cottOn-wool  is 
then  added  and  stirred  about  in  the  mixture  for  10  minutes,  after 
which  it  is  taken  out  and  thoroughly  washed  with  water  ;  the  product 
is  injured  by  allowing  it  to  remain  in  the  acid  for  a  longer  time. 

In  order  to  obtain  soluble  collodion-wool  with  a  mixture  of  2  pts. 
saltpetre  and  3  pts.  oil  of  vitriol,  the  cotton-wool  should  be  dipped 
into  the  mixture  while  it  is  still  warm  from  the  heat  produced  in  the 
reaction,  not  after  it  has  cooled. .  (Bechamp.)    The  following  experiments 

confirm  this  statement,  but  according  to  the  results  obtained  by  Mann,  it  appears  that, 
when  less  concentrated  sulphuric  acid  is  employed,  long  continuance  of  the  action  pro- 
duces the  same  result  as  an  increase  of  temperature.     [Kr.]     See  also  Hadow,  p. 

1  oz.  cotton- wool,  immersed  in  a  mixture  of  16  oz.  dried  saltpetre 
and  24  oz.  Nordhausen  sulphuric  acid  at  81°,  yields  127  p.  c.  pyroxylin, 
insoluble  in  ether,  and  but  slightly  explosive. 

With  common  sulphuric  acid,  instead  of  Nordhausen  acid,  109  p.  c. 
pyroxylin,  of  similar  properties,  is  obtained  by  10  minutes'  action  at 
66°,  102  p.  c.  by  ^  hour's  action  (or,  with  constant  stkring,  108  p.  c. 
explosive,  partially  soluble  pyroxylin),  and  only  36  p.  c.  by  1  hour's 
action.  On  the  other  hand  the  mixture  of  16  oz.  saltpetre,  12  oz. 
Nordhausen  acid,  and  12  o?.  common  sulphuric  acid,  mentioned  at 
p.  169,  yields  with  1  oz.  cotton-wool,  at  68°-71°,  123  p.  c.  soluble 
collodion-wool  in  3  to  4  minutes,  but  only  102  p.  c.  in  20  to  25  minutes. 
Insoluble  collodion  can  also  be  rendered  soluble  by  treatment  with 
this  mixture. 

%.  Pyroxylin  soluble  in  alcohol  may  be  obtained  by  immersing 
cotton-wool  in  a  mixture  of  4  pts.  by  weight  of  sulphuric  acid  of  sp.  gr. 
1*84  and  3  pts.  nitric  acid  of  sp.  gr.  1-40 ;  decanting  the  acid  after 
five  minutes'  immersion ;  pouring  the  pyroxylin  into  a  bucket  of  water; 
agitating  it,  with  frequent  renewal  of  the  water  ;  leaving  it  immersed 
over  night ;  repeating  the  washings  in  the  morning  ;  and  then  spread- 
ing it  out  on  a  table  to  drj''.  The  washing  must  be  performed  with 
care,  as  the  pyroxylin  is  of  pulverulent  texture,  and  is  easily  washed 
away.  The  strength  of  the  acids  used  in  the  preparation  is  of  especial 
importance  ;  if  they  are  too  weak,  the  cotton  dissolves  ;  if  too  strong, 
the  pyroxylin  produced  is  insoluble  in  alcohol.  (Sutton,  JRep.  Chim. 
app.  4,  145).     f . 

100  pts.  cotton- wool  yield  154  pts.  pyroxylin  (Teschemacher  & 
Porrett);  169  pts.  (Teschemacher);  177-9  pts.  (Walter  Crum);  150- 
170  pts.  (Fehling);  168-170  pts.  (Pelouze;  100  pts.  Swedish  paper 
yield  175  pts.  pyroxylin:  Pelouze);  169  pts.  (Hecker  &  Schmidt); 
176*2  pts.  (van  Kerckhoff  &  Eeuter) ;  173-175*2  pts.  according  to 
Schonbein's  process  (Gladstone,  Lieb.  Kopp,  Jahresher,  1847-1848, 
1137);  164*1  pts.  (Ransome) ;  142-175  pts.,  varying  according  to  the 
quantity  and  degree  of  concentration  of  the  acids  (Gladstone); 
201*5  pts.  (Soubrisseau.) 

Properties.  Pyroxylin  prepared  from  cotton-wool  retains  the  exter- 
nal properties  of  the  wool,  but  is  usually  somewhat  harsher  to  the 
touch.  It  has  neither  taste  nor  smell,  and  is  neutral  to  moistened  litmus- 
paper.  —  By  friction  it  becomes  more  strongly  electric  than  cat's  skin ; 
it  crackles,  yields  sparks,  and  is  phosphorescent  in  the  dark.  (Gaiffc, 
Compt.  rend.  24,  88.)     The  fibres  of  pyroxylin  seen  under  the  micro- 
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scope,  by  polarised  liglit,  exhibit  very  little  brightness,  and  scarcely 
any  play  of  colours ;  whereas  the  fibres  of  common  cotton-wool  appear 
bright  and  show  a  beautiful  play  of  colours  in  the  dimmest  hght. 
(Kindt,  Fogg.  70,  168.) 
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O 
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Schonbein  &  Bottger  investigated  pyroxylin  which  bad  been  dissolved  in  acetic  ether  ; 
Domonte  &  Menard  pyroxylin  insoluble  {a)  and  {b)  soluble  in  ether-alcohol;  Roser  & 
Krauss  analysed  air-dried  pyroxylin;  v.  Kercbboff  &  Renter  dried  theirs  in  vacuo; 
Pelouze,  his  at  40° — 55°  ;  Schmidt  &  Hecker,  theirs  at  90° — 100°. 

The  formulae  a,  b,  c,  represent  pyroxylin  as  cellulose  which  has  taken  up  3,  4,  or  5 
at.  nitric  acid,  with  elimination  of  as  many  atoms  of  water.  If  for  the  purpose  of  com- 
paring the  different  formulae,  we  disregard  for  the  moment  whether  the  various  authors 
have  represented  pyroxylin  with  C*  or  with  C^^,  and  as  containing  NO*  or  NO^  as  a 
proximate  constituent,  the  various  formulae  which  have  been  proposed  may  be  written 
thus:  C24Hi8X60^^^  (Peligot.),  C^niiex^O^i  (Schmidt  &  Hecker.),  C^^R^^XPO^^  (van 
Kerckboff  &  Renter.),  C^^HIgX^O^'I  (Porrett  &  Teschemacber.),  C-^W^X?0^^  (Pelouze). 
The  formula  a  was  proposed  by  Gerbardt  {Traite,  2,  504)  for  the  product  examined  by 
Domonte  &  Menard  ;  the  formula  b  was  proposed  by  Gladstone ;  formula  c,  by  Walter 
Crum.     According  to  Gerbardt,  the  last  formula  represents  the  composition  of  the  pro- 
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ducts  examined  by  Gladstone,  Pelouze,  Schmidt  and  Hecker,  and  van  Kerckhoff  & 
Renter.  The  formula  d,  first  proposed  by  Pelouze,  is  also  adopted  by  Bechamp  ;  this 
chemist  obtained  from  pyroxylin  onan  average  56-77  p.c.  cotton- wool  (calc.  57-14  p.c.) 

See  also  below.  ,.  ,.,,,/.         ..         n 

Febling  gives  the  formula  C2^H20O20,4NO5,  according  to  which  the  formation  of 
pyroxylin  must  be  supposed  to  be  accompanied  by  elimination  of  water  from  the  nitric 
acid  only,  at  least  for  the  product  examined  by  Roser  &  Krauss.  The  rapid  dilution  of 
the  acids  used  for  preparing  pyroxylin  is  in  opposition  to  this  view.  Schonbein  & 
Bottger's  formula,  C9H*5N20^2,  is  inadmissible,  seeing  that  no  second  carbonised  product 
is  formed.  Ransome's  formula,  Ci2H80i",2NO%  which  involves  the  elimination  of 
hydrogen,  is  equally  inadmissible.  Pettenkofer's  formula,  CiSR^O^^NOS  is  founded 
upon  an  incorrect  nitrogen-determination.  For  Porrett's  adventurous  views  see  Mem. 
Chem.  Soc.  3,  287  ;  Phil.  Mag.  30,  273;  J.  pr.  Chem.  41,  208. 

Domonte  &  Menard  assign  the  formula  C^-iHi^X^OS^  to  that  portion  of  pyroxylin 
which  is  soluble  in  ether,  and  the  formula  C^^H^'^X^O^o  to  the  insoluble  portion  ;  the 
former  in  their  glucose  sexnitrique,  the  latter  their  ligneux  quadrinitrique.  Gaudin 
{Compt.  rend.  23,  1099)  distinguishes  the  soluble  portion  as  etherziline. 

According  to  Hadow,  the  action  of  nitrosulplmric  acid  on  cotton- 
wool produces  mainly  three  distinct  products : 

a.  C'^^H'X^O^",  or  C^'IP'X^O'^  Obtained,  in  the  proportion  of 
181*34  pts.  (calcul.  183-3  pts.)  from  100  pts.  cotton-wool,  by  repeated 
immersion  in  a  mixture  of  1  at.  nitric  acid  (HO,NO*),  2  at.  oil  of  vitriol, 
and  3  at.  water.  Insoluble  in  ether-alcohol ;  soluble  in  acetic  ether. 
Yields,  when  decomposed  by  sulphydrate  of  potassium,  54*6  to  55*2 
p.  c.  cotton- wool  (calcul.  54*54  p.  c.)  and  44*07  p.  c.  hyponitric  acid 
(NO*)  after  deducting  the  corresponding  quantity  of  hydrogen  (calcul. 
45*46  p.  c). 

h.  C^^IPX^O^^  Obtained  in  the  same  way  as  a,  when  the  acid  mix- 
ture contains  \  at.  more  water,  100  pts.  cotton- wool  yielding  171*4  pts. 
of  this  compound  (calcul.  174  pts.).  Soluble  in  ether-alcohol ;  insolu- 
ble in  acetic  acid.  Treated  in  the  same  manner  as  «,  it  yields  57*5G 
to  58*34  p.  c.  cotton-wool  (calcul.  57*45  p.  c). 

c.  C^H^X'O^".  The  mixture  employed  for  the  preparation  of  a 
yields,  when  1  at.  water  has  been  added  to  it  (making  4  at.  water  in 
all),  164  p.  c.  of  this  substance  (calcul.  164*8  p.  c).  Soluble  in  ether 
and  in  glacial  acetic  acid.  Gives  by  decomposition  60*66  p.  c.  cotton- 
wool (calcul.  60*67  p.  c).     (Hadow.) 

According  to  the  views  of  most  chemists,  the  nitrogen  of  pyroxylin 
is  contained  in  the  form  of  X  (see  vii.  73)  replacing  hydrogen ; 
according  to  Bechamp  (who  has  further  extended  the  view  previously 
propounded  by  Pelouze,  Cottereau,  and  Walter  Crum)  it  exists  in  the 
form  of  nitric  acid  (NO').  According  to  the  former  view,  pyroxylin  is 
comparable  with  nitrobeuzoic  acid,  nitrobenzene,  &c. ;  according  to 
Bechamp's  view,  it  is  comparable  with  nitric  ether  (viii.  475).  The  fol- 
lowing decompositions  are  favourable  to  the  latter  view :  1.  Alkalis 
and  reducing  agents  transform  nitro-compounds  into  new  substances 
containing  nitrogen,  but  from  pyroxyhn  they  regenerate  the  original 
non-nitrogenous  cotton- wool,  just  as  they  regenerate  alcohol  from 
nitric  ether.  (Bechamp.)  —  2.  Pyroxylin  behaves  like  a  nitrate,  not 
like  a  nitro-compound,  with  protosulphate  of  iron.  (Cottereau,  Compt. 
rend.  23,  1157.)  —  3.  Pyroxylin,  decomposed  over  mercury  by  oil  of 
vitriol,  behaves  like  a  nitrate,  giving  off  the  whole  of  its  nitrogen  in 
the  form  of  nitric  oxide.     (Walter  Crum.) 
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Decomjyositions.  1.  Under  certain  conditions  which  are  not  accurately 
known,  and  do  not  always  occur,  pyroxylin  undergoes  spontaneovs  de- 
composition^ which  is  either  accompanied  by  ig-nition  and  explosion,  or 
takes  place  more  slowly,  unaccompanied  by  these  phenomena. 

On  the  17th  July,  1848,  the  explosion  of  1,600  kilogrammes  of  gun- 
cotton,  for  which  no  cause  could  be  ascertained,  completely  destroyed 
the  manufactory  at  Bouchet.  Walls,  from  ^  metre  to  1  metre  in 
thickness,  were  hterally  broken  to  powder  from  top  to  bottom,  and 
the  heaviest  articles  were  hurled  to  great  distances.  {Compt.  rend. 
28,  345.)  Similar  explosions  have  taken  place  at  Dartford,  in  Saxony, 
and  at  various  other  places.  An  explosion  of  pyroxylin  took  place  in 
a  magazine  near  Vincennes,  which  no  one  had  entered  for  several  days 
previously.     (Handworterh.  6,  723.) 

Pyroxylin  stowed  away  in  casks  ui  a  diy  place  evolved  a  choking 
-mell  after  3 J  to  9  months,  contained  formic  acid,  and  as  much  as  11*5 
[).  c.  water ;  probably  because  the  sulphuric  acid  cannot  be  thoroughly 
removed  by  washing  with  water,  and  then  causes  decomposition  to  set 
in.  —  Pyroxylin,  stored  up  in  Glashaven,  decomposed  with  evolution  of 
0,'as,  blowing  out  the  stoppers  of  the  bottles,  and  leaving  as  residue  a 
soft  white  mass,  which  continued  to  evolve  nitric  oxide.  (Maurey, 
Compt.  rend.  28,  344.^  —  Pyroxylin,  prepared  in  1847,  crumbled  to 
powder  with  evolution  of  red  fumes,  after  some  time;  after  12  years, 
the  residue  had  dehquesced  to  a  gum  containing  crystals  of  oxalic 
acid.  (Hofmann,  Ann.  Phann  115,  283.)  —  A  woven  fabric,  which  had 
been  converted  into  pja'oxylin,  evolved  red  vapours,  after  3  years  ;  after 
being  then  washed,  it  was  less  inflammable ;  and,  when  dried  at  110°, 
contained  31*25  p.  c.  C,  4-08  p.  c.  H.,  and  7'88  p.  c.  N.  (Kuhlmann 
&  Wurtz,  Compt.  rend.  42,  676.) 

2.  Pyroxylin  prepared  with  nitric  acid  explodes,  like  fulminating 
mercury,  when  struck  upon  an  anvil  with  a  hammer.  (Otto.)  Mode- 
rately strong  strokes  of  a  hammer  upon  pyroxylin  cause  it  to  fly  to 
dust  with  a  loud  report  but  without  flame.  (Schonbein  &  Bottger.) 
Pyroxylin  does  not  take  fire  when  rubbed  in  a  mortar  with  hard  soda- 
glass.  In  other  cases,  pyroxylin  takes  fire  by  friction  only  when  the 
heat  produced  is  sufiicient  to  make  it  do  so.     (Schonbein  &  Bottger.) 

3.  Pyroxylin  is  not  decomposed,  or  only  with  difiiculty,  by  the 
electric  eminent.  But  if  pyroxylin  moistened  with  glacial  acetic  acid  is 
placed  between  a  silver  and  a  zinc  plate,  connected  by  a  copper  wire, 
and  allowed  to  remain  for  eight  hours,  a  small  quantity  of  substance 
is  deposited  on  the  silver  plate,  which,  when  dry,  is  white,  has  the 
appearance  of  starch,  and  blues  litmus.     (Porrett.) 

4.  By  contact  with  a  glowing  match  it  takes  fire  and  hums  away 
instantaneously,  like  gunpowder.  When  warmed  by  itself,  it  either 
takes  fire  and  explodes,  or,  when  heated  more  slowly,  is  gradually 
decomposed  with  inflammation. 

Pyroxyhn  may  be  exploded  by  touching  it  with  a  spark,  when  laid 
on  the  palm  of  the  hand  without  causing  pain,  and  when  laid  on  a 
heap  of  gunpowder  without  setting  fire  to  the  latter.  (Knop.)  — 
Pyroxylin  heated  in  an  oil-bath  does  not  take  fire  130°;  at  150°,  it 
takes  fire  in  12  minutes ;  at  170°,  in  ^  minute ;  at  200°,  in  12  seconds ; 
at  230°,  instantly,  leaving  no  residue.  (Schonbein  &  Bottger.) 
Payen  observed  the  inflammation  of  pyroxylin,  in  a  stream  of  heated 
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air,  at  25°-30°  ;  Piobert,  at  70°-80°.  When  heated  m  the  air  it  takes 
fire  at  175°-180°  (Pelouze) ;  at  188^  (Gladstone.)  PyroxyUn  pre- 
pared from  carded  cotton-wool  does  not  take  fire  below  200°. 
(Payen.) 

Pyroxylin  placed  at  the  bottom  of  a  tube  heated  to  200°,  whose 
temperature  is  gradually  falling,  still  explodes  at  138°,  but  not  at  lower 
temperatures.  If  the  tube  is  quickly  heated,  so  that  the  temperature 
rises  12-5°  in  a  minute,  the  pyroxylin  explodes  sometimes  at  62-5°; 
generally  in  from  2  to  5  minutes  at  95°.     (Marx,  Pogg.  78,  100.)  ^ 

Pyroxyhn  when  slowly  heated  gives  off  a  smell  of  nitrous  acid  at 
100° ;  loses  10  p.  c.  of  its  weight  in  an  hour  between  100°  and 
110°  ;  becomes  yellow  and  pulverizable,  and  then  sometimes  takes  fire 
suddenly.  (Pelouze.)  Pyroxylin  enclosed  in  glass  tubes  takes  fire  at 
132°  when  quickly  heated  in  an  oil-bath;  when  slowly  heated,  not 
even  at  180°  or  200°.  (van  Kerckhoff.)  If  pyroxylin  is  heated 
slowly,  so  that  the  temperature  rises  G'25°  in  a  minute,  it  begins  to 
evolve  acid  vapours  at  69°,  and  then  explodes  with  much  less  vio- 
lence when  lighted ;  at  150°,  it  scarcely  explodes  at  all,  and  if  kept 
for  an  hour  at  137°  it  becomes  yellowish  brown,  afterwards  darker, 
and  is  at  last  converted  into  a  black  tissue  which  no  longer  explodes 
in  the  flame.  (Marx.)  Piobert  and  van  Kerckhoff  obtained  similar 
results  by  slow  heating. 

The  gases  produced  by  the  explosion  of  pyroxylin  consist  of 
nitrogen,  carbonic  acid,  carbonic  oxide,  steam,  nitrous  acid  or  nitric 
oxide,  hydrocarbons,  ammonia,  hydrocyanic  acid  or  cyanogen ;  some 
of  these  gases  are  probably  only  formed  under  particular  circum- 
stances. 

1  gramme  pyroxylin,  prepared  with  nitrosulphuric  acid,  yielded,  on 
explosion  in  the  vacuum  of  the  barometer,  588  c.  c.  gas,  measured  at 
0°  and  760  mm.  pressure.  This  gas  contained,  in  100  pts.,  4*0  pts. 
nitrogen,  17*2  nitric  oxide,  37*6  carbonic  oxide,  20*8  carbonic  acid,  4-6 
carburetted  hydrogen,  and  15*8  steam.  (Schmidt  &  Hecker.)  Porrett 
k  Teschemacher  obtained,  from  1  gramme  pyroxylin,  483  c.  c.  gas, 
containing,  in  100  pts.,  7*14  pts.  nitrogen,  35-72  nitric  oxide,  35*72 
carbonic  oxide,  14*28  carbonic  acid,  and  7*14  cyanogen.  Fordos  &  Gelis 
{Compt.  rend.  23,  982)  always  found  cyanogen  or  hydrocyanic  acid, 
whether  the  explosion  took  place  slowly  or  all  at  once,  but  ammonia 
only  in  small  quantity.  —  The  projectile  force  of  pyroxylin  exploded  in 
fire-arms  or  in  mines,  is  from  If  to  6  times  as  great  as  that  of  gun- 
powder ;  the  explosion  takes  place,  however,  too  instantaneously,  so 
that  fire-arms  are  soon  rendered  useless,  and  frequently  burst,  by  the 
employment  of  pyroxylin. 

5.  Pyroxylin  moistened  with  moderately  hot  steam,  and  heated  to 
100°,  evolves,  sometimes  more,  sometimes  less,  nitric  acid  vapour, 
afterwards  hyponitric  acid  vapour,  and  when  coloured  vapours  are  no 
longer  given  off,  is  found  to  have  lost  from  24*2  to  29*3  p.  c.  of  its 
weight ;  it  is  thus  converted  into  typhoxyhn,  or  similar  compounds, 
produced  from  pyroxylin  by  fixation  of  water  and  elimination  of  nitric 
(or  hyponitric)  acid,  (van  Kerckhoff  &  Renter.)  if  the  red  fumes  are  too 
rapidly  evolved,  explosion  may  occur. 

a.  C^^N^IP^O^^  van  Kerckhoff  &  Renter's  Tijphoxylia.  —  li  the  loss 
of  weight  by  the  pyroxylin  amounts  to  27  p.  c,  the  residue,  when  dried 
m  vacuo,  contains  on  the  average  33*49  p.  c.  C,  3*91  p.  c.  H.,  and 
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6-eS  p.  c.  N.  (calculation,  33-64  p.  c.  C,  3*73  p.  c.  H.,  6*54  p.  c.  N,)  ; 
it  has  therefore  been  formed  by  the  fixation  of  3  at.  water,  and  elimi- 
nation of  4  at.  hyponitric  acid:  C2^N«ir3043_^3jjO^C24;^T2jji6Q3o^4j^O^ 
This  typhoxyhn  has  the  appearance  of  pyroxylin,  it  is  very  easily 
powdered,  pure  white,  becomes  brown  at  150°,  more  rapidly  at  170°, 
and  explodes  when  quickly  heated,  evolving  nitric  oxide  and  combus- 
tible gases.  It  is  insoluble  in  cold  nitric  acid,  dissolves  slowly  in  warm 
nitric  acid,  easily  in  cold  sulphuric  acid  and  evolves  gas  when  warmed 
therewith.  Cold  potash-ley  dissolves  it  with  yellow-brown  colour, 
sugar  of  lead  causes  a  precipitate  in  this  solution.  Ammonia  and 
baryta- water  colour  typhoxyhn  hght  brown.  It  is  only  imperfectly 
soluble  in  ether  or  in  acetic  ether. 

h.  C^^N^H^O^^  When  the  loss  of  weight  amounts  to  24-2  —24-9 
p.  c.  (calcul.  25-3  p.  c),  the  residue  contains,  on  an  average,  32*87 
p.  c.  C,  3-92  p.  c,  H.  (calculation,  32-95  p.  c.  C,  3-88  p.  c.  H.),  it  is 
accordingly  produced  by  fixation  of  4  at.  water  and  ehmination  of  4  at. 
hyponitric  acid. 

c.  C^N^H^O^  and  d.  C^N^ff ^O^^.  The  former  compound  is  con- 
tained in  the  residue  when  the  loss  of  weight  amounts  to  about  30  p.  c. 
(calc.  30-8  p.  c),  and  contains  35-78  p.  c.  0.,  and  4*68  p.  c.  H.  (calcula- 
tion, 35*55  p.  c.  C,  and  4*20  p.  c.  H.).  The  latter  compound  contains, 
on  an  average,  34*61  p.  c.  C,  and  4*30  p.  c.  H.  (calculation,  34*78  p.  c.  0., 
and  4*34  p.  c.  H.)  They  are  formed  from  pyroxyhn  by  fixation,  the 
former  of  4  at.,  the  latter  of  5  at.  water,  and  elimination  of  4  at.  nitric 
acid,     (van  Kerckhoff  &  Renter.) 

6.  Pyroxylin  moistened  with  himodide  ofjyotassium  (solution  of  iodine 
in  aqueous  iodide  of  potassium),  and  afterwards  with  a  mixture  of  1  pt. 
oil  of  vitriol  and  4  pts.  water,  becomes  yellow  after  some  time,  whereas 
unaltered  cotton-wool  is  coloured  blue.     (Kindt,  Fogg.  70,  168.) 

7.  Pyroxylin  dissolves  in  concentrated  nitric  acid  at  80°  or  90°,  and 
is  precipitated  almost  completely  by  oil  of  vitriol  in  white  amorphous 
flocks,  otherwise  unchanged ;  water  precipitates  it  in  bitter,  white 
flocks,  soluble  in  alcohol  and  in  a  large  quantity  of  water,  which  bum 
more  slowly  than  pyroxylin  and  leave  charcoal.  (De  Vrij,  Compt.  rend. 
24,  19.) 

Pyroxylin  is  dissolved  between  38°  and  67°  when  warmed  with 
20  pts.  nitric  acid  of  sp.  gr.  1*45  :  water  added  to  the  solution  precipi- 
tates it  unchanged,  except  that  it  has  lost  its  organised  structure. 
The  nitric  acid  solution  evolves  abundance  of  red  fumes  if  heated 
to  113°,  and,  when  afterwards  neutrahsed  with  carbonate  and  bicar- 
bonate of  potash,  yields  a  whitish  grey  precipitate.  (Porrett.) 

8.  It  dissolves  less  readily  than  cotton-wool  in  cold  oil  of  vitriol,  more 
easily  in  sulphuric  acid  of  sp.  gr.  1*5  — 1*7.  The  solution  evolves  car- 
bonic acid  and  nitrous  gas  at  100°,  and  does  not  become  brown  till 
more  strongly  heated  (van  Kerckhoff  &  Renter),  not  even  when  boiled. 
(Gladstone.)  The  solution  of  cotton-wool  in  oil  of  vitriol  becomes  brown  at  90"' 
without  evolving  gas. 

Bihydrated  sulphuric  acid  neither  dissolves  pyroxylin  nor  becomes 
heated  in  contact  with  it,  but  soon  evolves  a  smell  of  nitric  acid.  If 
water  is  added  after  24  hours,  the  mixture  filtered,  and  the  filtrate 
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distilled,  nitric  acid  passes  over,  and,  when  the  residne  in  the  retort 
g-ets  more  concentrated,  red  fumes  are  given  off.  (Bechamp,  N.  Ann. 
Chem.  Phys.  46,  358). 

9.  Hot  hydrochloric  acid  dissolves  it  with  decomposition.  (Bechamp.) 

10.  Moist  sulphurous  acid  does  not  decompose  it  even  on  heating. 
(Bechamp.)— 11.  Not  altered  by  sulphuretted  hydrogen  passed  into  its 
solution  in  ether-alcohol.  (Bechamp.) 

12.  Pyroxyhn  moistened  with  water,  or  dissolved  in  ether- alcohol, 
is  decomposed  by  gaseous  ammonia  into  nitrate  of  ammonia  ani 
quadrinitrocellulose.  (Bechamp.)  The  action  of  an  excess  of  ammonia 
aided  by  heat,  on  pyroxylin  moistened  with  water,  yields  a  brown  mass 
devoid  of  structure.  (Bechamp.) 

13.  Pyroxylin  is  decomposed  when  heated  with  aqueous  hydrosul- 
phate  of  ammonia,  and  when  washed  and  dried,  no  longer  explodes  by 
heat.  (Pettenkofer,  Marx.)  If  ammonia  is  passed  into  a  solution  of 
pyroxyhn  in  ether-alcohol  until  it  becomes  perfectly  fluid,  and  then 
sulphm-etted  hydrogen,  a  yellow  precipitate  containing  sulphur  is  pro- 
duced, which  is  insoluble  in  alcohol  of  90  p.  c,  but  partially  soluble  in 
water.  (Bechamp.) 

14.  Moderately  concentrated  jooicwA- or  socZa-Zey  dissolves  pyroxylin 
slowly  at  the  common  temperature,  more  quickly  between  60°  and  80°, 
with  formation  of  nitrates. 

a.  If  the  solution  is  filtered  before  all  the  pyroxylin  is  dissolved, 
and  precipitated  with  dilute  acid,  a  gelatinous  precipitate  is  produced, 
probably  containing  quadri-  or  ter-nitrocellulose,  which  burns  when  dry, 
but  leaves  a  large  quantity  of  charcoal  and  is  soluble  in  boiling  alcohol, 
or  in  cold  ether-alcohol.  The  solution  may  be  diluted  with  a  considerable 
quantity  of  water  without  becoming  turbid ;  with  ammoniacal  acetate 
of  lead,  it  produces  a  bulky  precipitate.    (Bechamp.) 

h.  The  alkahne  solution  of  pyroxylin  becomes  brown  at  50°  or  60°, 
and  is  then  no  longer  precipitated  by  acids.  If  the  solution  is  neu- 
tralised, shortly  before  this  point,  with  dilute  sulphuric  acid,  it  leaves 
on  evaporation  a  mixture  of  nitrate,  nitrite,  and  sulphate  of  potash, 
with  sugar,  which  last  is  converted,  by  further  action  of  alkali,  into 
glucic  and  apoglucic  acids.    (Bechamp.) 

c.  If  the  solution  of  pyroxylin  in  ether-alcohol  is  mixed  with  as 
much  alcoholic  potash  as  is  required  to  neutralise  the  nitric  acid,  it 
solidifies  to  a  jelly,  and  addition  of  water  causes  a  pitch-like  substance 
to  separate,  while  scarcely  any  organic  matter  remains  dissolved  in  the 
supernatant  ether-alcohol.  The  pitch-like  mass  containing  potash, 
when  dissolved  in  water,  yields  a  gelatinous  precipitate  of  ternitro- 
cellulose  on  addition  of  acetic  acid.  C^H^O",  5N0*  +  2K0,  HO  = 
C2*II^^0",  3N0»  4-  2K0,  N0»  +  2H0.  (Bechamp.) 

According  to  van  Kerckhoff  {J.  pr.  Chem.  40,  284)  an  excess  of 
moderately  concentrated  solution  of  potash  dissolves  pyroxyhn  by 
long  standing  in  the  cold,  with  phenomena  of  decomposition  different 
from  those  produced  when  it  is  heated  with  a  smaller  excess  of  potash. 
The  alkaline  solution  contains  nitrite  and  a  small  quantity  of  carbonate 
of  potash,  and  yields  a  pale  yeUow  precipitate  with  acetate  of  lead 
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after  supers aturation  with  acetic  acid,  and  a  further  precipitate  on  the 
subsequent  addition  of  basic  acetate  of  lead.  The  first  precipitate 
had,  in  one  experimemt,  the  composition  of  citrate  of  lead,  but  in 
another  it  yielded,  by  decomposition  with  sulphuretted  hydrogen,  an 
acid  of  the  composition  of  tartrelic  acid  (x,  334).  The  precipitate  pro- 
duced by  basic  acetate  of  lead  contained  C^'^H^O",  7PbO  (tartersaures 
Bleioxyd,  therefore :  van  Kerckhoff).  Hadow  observed  the  evolution 
of  ammonia  on  warming  pyroxylin  with  potash-ley.  In  the  cold  there 
is  slowly  formed,  without  evolution  of  gas,  a  brown  solution  which 
reduces  silver- salts  and  contains  oxahc,  nitrous,  and  nitric  acid,  to- 
gether with  a  peculiar  acid,  Iladow's  pyroxijlic  acid,  which  agrees  in 
its  properties  to  some  extent  with  saccharic  acid. — The  alkaline  solu- 
tion of  pyroxyhn  precipitates  silver  from  an  ammoniacal  solution  of 
silver,  as  a  mirror  on  the  sides  of  the  vessel.  (Vohl,  Dingl.  112,  237). 

15.  Pyroxlin  is  completely  converted  into  cotton- wool  by  alcoholic 
of  hydrosulphate  oj  j^otassiuvi  in  the  course  of  24  hours.  (Hadow,  comp. 
p.  174). 

16.  A  concentrated  watery  solution  of  protocldoride  of  iron  in  excess 
acts  upon  pyroxylin,  slowly  in  the  cold,  more  quickly  when  heated, 
transforming  it  into  ordinary  cotton- wool.  Ferrous  acetate  acts  in  the 
same  way,  but  converts  the  nitrogen  of  the  pyroxylin  into  ammonia, 
(Bechami:).)  The  regenerated  cotton-wool  has  the  composition  and 
all  the  properties  of  the  original  cotton-wool,  and  may  be  again  con- 
verted into  pyroxyhn  and  reduced  a  second  time.  (Bechamp,  comp.  also 
p.  173.) 

17.  Pyroxylin  evolves  all  its  nitrogen,  in  the  form  of  nitric  oxide,  by 
contact  with  oil  of  vitriol  and  metallic  mercury.     (Crum.) 

18.  It  is  decomposed  by  boiling  aqueous  permanganate  of  potash  with 
formation  of  nitric  acid.  (Cloez  &  Buignet,  Compt,  rend.  47,  172;  J. 
pr.  Chem.  76,  501.) 

19.  With  common  camplior,  fat  oils,  wax,  or  7'esin3,  pyroxylin  forms 
dark  brown  solutions,  which  give  off  nitrous  acid.  (Hartig',  Unter- 
sachungen  iiber  Schiessbaumivolle,  Braunschweig,  1847.) 

Combinations.  Pyroxylin  is  insoluble  in  water,  and  remains  un- 
changed when  boiled  with  water  for  a  long  time.  (Pelouze.)  After 
being  kept  for  5  weeks  under  water,  it  is  found  to  be  unaltered  on  dry- 
mg  (De   V  ri j  ;   for  decomposition  by  heating  with  steam,  see  p.  1 76). 

It  absorbs  fluoride  of  boron  without  change  of  colour  or  loss  of 
inflammability.  If  it  contains  unaltered  cotton-wool,  it  explodes 
by  contact  with  fluoride  of  boron.  (Berthelot,  N.  Ann.  Chim.  Phys, 
38,  58.) 

Insoluble  in  aqueous  cuprammonia.  (Schlossberger,  J.  pr.  Chem, 
73,  573.) 

Insoluble  in  glacial  acetic  acid.  (Schonbein  &  Bottger,  De  Vrij.) 
Pyroxylin,  prepared  with  nitrosulphuric  acid  diluted  to  a  certain  point, 
dissolves  in  glacial  acetic  acid.  (Hadow  ;  see  p.  173.)  —  Forms,  with 
acetone,  a  transparent  jelly,  which  is  curdled  by  water.  With  a  large 
quantity  of  acetone,  it  forms  a  perfect  solution.  (De  Vrij.) — Insolu- 
ble in  chloroform.  (Magnes-Laliens,  N.  J.  Pharm,  16,  353.  —  Lepage, 
./.  Chi7n.  med,  25,  147.) 
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Dissolves  in  wood-spirit.  (Plessy  &  Schutzenberger,  Mulhouse  Soe, 
Bull  25,  187;  Dingl  131,  358.)  —  Insoluble  in  alcohol;  slightly  soluble 
in  alcohol  of  40°,  according  to  Magnes-Lahens.  —  Vohl  {Ann.  Pharm. 
70,  360)  boiled  pyroxylin,  prepared  by  means  of  nitrosulphuric  acid  and 
insoluble  in  ether,  for  several  hours  with  absolute  alcohol,  whereby  it 
became  soluble  in  ether.  The  alcohol  had  then  in  solution  a  substance 
which  was  deposited,  on  evaporation,  in  granular  crystals,  and  pos- 
sessed the  following  properties.  It  melted  to  an  oil  at  70°  and  solidi- 
fied in  the  crystalline  state* on  cooHng;  exploded  under  the  hammer,  or 
when  heated  to  140°  or  150°  ;  and  was  obtained  from  solution  in 
alcohol  as  a  tough  resin  which  gave  off  alcohol  when  ;heated  witli 
water.  It  dissolved  in  ether,  only  when  it  had  absorbed  alcohol ;  it 
was  no  longer  soluble  when  freed  from  alcohol  by  precipitation  from  its 
alcoholic  solution  by  water  and  boiling  with  water  for  several  days. 
It  dissolved  in  oil  of  vitriol,  being  reprecipitated  by  water ;  and  in 
very  strong  boihng  potash-ley,  with  evolution  of  ammonia.  Its 
potash-solution  reduced  silver  from  an  ammoniacal  silver-solution. 
Hence  Vohl  assumes  that  alcohol  extracts  from  pyroxylin  a  substance 
which  incrusts  the  fibres,  and  so  makes  the  residue  soluble  in  ether. 

Pyroxylin  is  insoluble  in  ether.  With  ether-alcohol  it  forms, 
according  to  its  mode  of  preparation,  sometimes  a  thick,  viscid 
solution,  sometimes  a  perfectly  fluid  one,  and  sometimes  does  not  dis- 
solve at  all  (comp.  p.  170J. 

The  solubility  of  pyroxylin  was  discovered  by  Fl.  Domonte  &  Me- 
nard, and  nearly  at  the  same  time  by  Meynard  &  Begelow.  The  re- 
sulting solution,  collodion,  leaves  the  pyroxylin  on  spontaneous 
evaporation  as  a  translucent,  tenacious  film  (collodion-Jihn)  impervious 
to  water. 

To  prepare  collodion,  Soubeiran  {JSf.  J.  Pharm.  14,  263)  shakes' 
pyroxylin  for  a  few  minutes  with  16  pts.  ether  and  adds  1  pt.  alcohol ; 
Livonius  {N.  J.  Pharm.  16,  122)  employs  22  pts.  ether  and  4  pts. 
alcohol ;  Edwards,  commercial  ether  of  sp.  gr.  0*7  to  0*76 ;  Lassaigne 
J.  Chim.  me'd.  24,  541),  20  pts.  ether  and  1  pt.  alcohol  of  90  p.  c.  — 
Berard  {Pohjt.  Centr.  1858,  892)  obtains  dry,  transparent,  and  durable 
collodion  by  digesting  pyroxylin  for  a  long  time  with  warm  ether- 
alcohol,  decanting  the  clear  solution  after  allowing  it  to  settle,  and 
distilling  off  the  ether.  The  residue  is  completely  soluble  in  ether- 
alcohol,  and  is  not  subject  to  spontaneous  decomposition. 

Collodion-film  is  inflammable.  (Soubrisseau,  N.  J.  Pharm.  14,  47.) 
The  residue  left  by  the  evaporation  of  collodion  gives  off  red  fumes  on 
drying  (Domonte  &  Menard),  and  sometimes  explodes  with  violence 
at  about  115°  {Compt.  rend.  23,  1088).  A  large  quantity  of  water  pre- 
cipitates from  the  solution  inflammable  flocks  of  pyroxylin  devoid  of 
organised  structure.  (Domonte  &  Menard,  Magnes-Lahens.)  The 
residue  left  by  the  evaporation  of  collodion  is  insoluble  in  water  and  in 
aqueous  cuprammonia.  (Schlossberger,  J.  pr.  Chem.  73,  373.)  Collo- 
dion does  not  become  turbid  when  mixed  with  alcohol  or  ether  (Mann),' 
but  solidifies  after  a  time  to  a  jelly  if  mixed  with  -§-  or  ^^  pt.  chloroform. 
Lessage,  J.  Chim.  med.  25,  147.) 

Pyroxylin  does  not  dissolve  in  ether  containing  from  3-  to  J  pt. 
chloroform,  in  nitric  ether,  or  in  monochlorinated  vinic  ether.  AVith 
sulphovinic  acid  and  oil  of  wine,  it  forms  shghtly  sticky  solutions. 
(Magnes-Lahens.) 

It  dissolves  in  methyl-acetic    ether,    and  in   acetic-  ether,    (Richier, 
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Schonbeiu  &  Bottger,  Pelouze,  comp.  p.  173.)  Pyroxylin  swells  up  to 
11  jelly  in  acetic  ether,  which  leaves,  by  evaporation  on  glass  plates, 
white  pyroxylin  devoid  of  organised  structure,  and  this,  when  treated 
even  Avith  weak  alcohol,  loses  acetic  ether,  and  on  drying  remains 
])ehind  as  a  powder.  (Hartig.) —  The  solution  is  not  sticky.  (Magnes- 
Lahens,  Livonius.) 

Pyroxylin  is  insoluble  in  oil  of  turpentine.  (Magnes-Lahens.) 
Pyroxylin  cannot  be  dyed,  or  only  imperfectly.  But  pyroxylin 
Avhich  is  partially  decomposed  by  long  keeping,  or  cotton-wool  which 
is  incompletely  converted  into  pyroxylin  by  immersion  in  nitro-sul- 
})huric  acid,  takes  mOre  brilliant  colours  when  dyed  than  common 
cottou-wool.     (Kuhlmann,  Compt,  rend.  42,  673  and  711). 


Tunicin. 

0.  Schmidt.      (1845.)      Zur    vergleichenden    Physiologie   der   ivirhellosen 

Thiere^  Braunschweig,   1845,   62;    Ann.  Pharm.  54,   318.  —  J.  pr. 

Chem.  38,  433. 
LowiG  &  KoLLiKER.     J.  pr.  Chem.  37,  439  ;   Compt.  rend.  22,  38. 
Dumas,  Edavards,  Boussingault  &  Payen.      Compt.  rend.  22,  581  ; 

Ann.  Scienc.  nat.  1846,  238. 
Berthelot.     Compt.  rend.  47,  227  ;  N.  Ann.  Chim.  Phys.  56,  149  ;  Rep, 

Chim.  pure,  1,  69;  J.  pr.  Chem,  76,  371;  Pharm,  Centr,  1858,  675. 

Discovered  by  C.  Schmidt  in  1846 ;  distinguished  from  cellulose  and  named 
Tunicin  by  Berthelot. 

Occurrence.  Comp.  Handhuch,  viii.  473.  —  In  the  Ascidias  (Tunicata, 
Lamark) ;  in  the  mantle  of  Phallusia  mamillaris,  and  Frustulia  scdina 
(Schmidt),  in  all  Tunicata  (Phallusia  mamillaris,  P.  intestinalis,  P.  mon- 
achus,  Cynthia  papillata,  Clavallina  lepodiformis,  Diozoma  violacca,  Bot- 
ryllus  Polycyclas,  Pyrosoma  gigantea,  Salpa  maxima  [Handh.  viii.  Zoochem. 
473]),not  in  the  lower  animals,  as  Polypes,  Medusce,  and  Mollusca  (Lowig 
&  Kolliker) ;  in  the  outer  envelope  of  certain  Tunicata  {Cynthia  papil- 
lata).     (Berthelot.) 

PrejMration.  The  outer  envelopes  of  the  tunicata  are  treated  suc- 
cessively with  water,  alcohol,  ether,  dilute  acid  and  aqueous  alkali 
(SchmidtJ,  or  they  are  boiled  for  some  hours  with  concentrated  hydro- 
chloric acid,  afterwards  with  aqueous  potash  of  sp.  gr.  1*28,  then 
washed  with  water  and  dried.     (Berthelot.) 

Properties.  White,  translucent,  very  soft,  with  somewhat  of  a 
pearly  lustre  (Dumas,  &c.),  of  the  external  unaltered  form  of  the  enve- 
lopes. (Lowig  &  Kolliker.)  Tunicin  prepared  from  Phallusia  mamilla" 
ris  forms  an  agglomerate  of  large  shapeless  cells.     (Schmidt.) 
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Schmidt. 
Phallusia  Frustulia 

mamillaris.  salina. 


C2i 

144 

44-44 

6-17 

49-39 

45-38 

......       6-47 

48-15 

46-19 

020 

20 

160 

6-63 

47-18 

am^o^ 

C24 

H20     

020      

....    324 

100-00     100-00 

Lowig  &  Kolliker. 
Phallusia             Cynthia 
mamillaris.          papillata. 

...     43-40     43-20     

...       5-68     6-16     

..     50-92     50-64     

100-00 

Dumas,  &c. 
Phallusia 
mamillaris, 
...     44-5 
...       6-4 
...     49-1 

C24H20O20 

...  100-00     

..  100-00     

...  100-00 

According  to  Schmidt,  and  Lowig  &  Kolliker,  tunicin  is  cellulose  or  allied  to  cellu- 
lose; according  toBerthelot,  it  is  isomeric  with  cellulose  and  analogous  to  chitin.  The 
envelopes  treated  with  aqueous  potash  and  then  with  hydrochloric  acid,  still  contain 
from  3-2  to  3-8  p.c.  nitrogen,  but  may  be  obtained  free  from  nitrogen  by  treatment 
with  2  p.c.  potash-ley,  next  with  25  p.c.  potash-ley,  and  lastly  with  aqueous  hydro- 
chloric acid  of  the  strength  of  1  p.c.     (Dumas,  &c.) 

Decompositions.  1.  Tunicin  heated  in  a  glass  tube  is  charred  without 
losing  its  form,  evolving  the  smell  of  burning  vegetable  tissue.  Heated 
in  the  air  it  burns  away  quickly  and  completely.  —  2.  Kemains  unal- 
tered when  heated  with  water  to  200°.  (Schmidt.)  —  3.  It  is  coloured 
pale  yellow  when  boiled  with  alcoholic  iodine ;  if  then  moistened  with 
oil  of  vitriol,  it  is  coloured  violet. —  The  violet  colour  is  followed  by 
solution  of  the  tissue,  which  at  the  same  time  loses  its  colour,  while  a 
great  number  of  yellow  corpuscles,  previously  enclosed  between  the 
fibres,  become  visible  under  the  microscope.  (Dumas,  &c.)  —  4.  Not 
decomposed  by  boihng  for  several  hours  with  dilute  nitric  acid. 
(Schmidt.)  —  5.  Dissolves  without  coloration  in  cold  oil  of  vitriol. 
(Dumas,  &c.)  The  solution  diluted  with  a  large  quantity  of  water 
contains,  after  an  hour's  boiling-,  a  substance  whose  nature  has  not 
been  determined,  together  with  sugar,  wherefore  the  solution  neutra- 
lised with  chalk,  filtered  and  concentrated,  reduces  potassio-tartrate  of 
copper,  turns  brown  when  boiled  with  potash,  and  ferments  in  contact 
with  yeast,  forming  carbonic  acid  and  alcohol.  (Berthelot.)  — 
6.  Tunicin  is  not  affected  by  dry  fluoride  of  boron ;  with  moist  fluoride  of 
boron  it  liquefies  and  then  gives  with  water  a  solution  which  contains 
traces  of  sugar.  (Berthelot.)  —  It  remains  unaltered  by  dilute  acids, 
even  when  boiled  with  them  for  weeks,  or  by  boiling  potash-le?/. 
(Berthelot.) 

It  dissolves  slowly  in  concentrated  nitric  acid.  (Schmidt.)  —  Dis- 
solves with  difficulty  in  aqueous  cuprammonia.  (Schlossberger,  J.  pr. 
Chem.  73,  374.) 

Insoluble  in  water,  alcohol,  glacial  acetic  acid,  or  ether.    (Berthelot.) 
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Glycogen. 

Cl.  Bernard.     Compt.  rend.  41,  461. —  Compt.  rend.  44,  578  and  1325  ; 

J.  pr.  Chem.  73,  251  ;    abstr.  Kopp's  Jahresher.  1857,  552. —  Compt. 

rend.  48,  77,  673  and  884. 
IIensen.      Wurzh.  medic.  Vei'handl.  7,  21d.  —  Arcliiv.  fur  patJiol.  Anato- 

mie,  9,  214;  abstr.  Xopp's  Jahresher.  1857,  553. 
Sanson.     Comp)t.  rend.  44,   1159  and  1323;     abstr.  Repp's  Jahresher. 

1857,  553.—  Compt.   rend.  45,  140  and  343. 
SciiiFF.    N.  Zeitchr.  fur  phjs.Heilkunde^  1,  263. —  Compt.  rend.  48,  880. 
EuG.  Pelouze.     Compt.  rend.  44,  1321  ;  /.  pr.  Chem.  73,  249 ;  abstr. 

Kopp's  Jahresher.  1857,  553. 
BoNUET.     Compt.  rend.  45,  139  and  573;  abstr.  Kopp's  Jahresher.  1857, 

554. 
Kekule.     Heidelh.  naturiv.    Verhandl.   1858,  Jan. ;   Chem.    Centr.   1858, 

300  ;  abstr.  Kopp's  Jahresher.  1858,  570. 
Poggiale.     N.  J.  Pharm.  34,  99  ;  Ko2-)p's  Jahresher.  1858,  569. 
Pavy.     JV.  PhU.  Mag.  J.  17,   142;  J.  pr.   CAm.  77,  354 ;  abstr.  i^ep. 

Chim.  pure,  1,  236. 
GoRUP  Besanez.     Ann,  Pharm,  118,  227, 

[The  chemical  nature  of  glycogen  is  treated  of  also  Handbuch,  viii.  Zoochem.  74, 
385  and  550.] 

Glykogen^  Glykogensuhstanz,  tkierisches  Amylum ;  Matiere  amylacee,  Glycogene  ; 
Hepatin.  —  Discovered  and  investigated  by  Bernard. 

Occurrence.  In  the  liver.  (Bernard.)  In  the  placenta.  (Bernard, 
Compt.  rend.  48,  77  and  673.)  —  In  the  umbiHcal  membrane  of  birds. 
(Serres,  Compt.  rend.  48,  86.)  In  graminivora,  the  liver  generally 
contains  glycogen,  which  is  only  found  hi  the  other  organs,  as  in  the 
muscular  flesh  of  horses,  when  the  animals  have  an  abundance  of  food 
rich  in  starch.  (Poggiale.  —  comp.  Handhuch,  viii.  Zoochem.  385.)  —  In 
rabbits  the  liver  contains  as  much  as  2  p.  c.  of  glycogen.     (Kekule.) 

Preparation.  1.  The  liver  of  the  quite  freshly  killed  animal  is  cut 
into  small  pieces,  immersed  in  boiling  water,  pounded  and  boiled  for 
about  an  hour  with  a  small  quantity  of  water ;  the  liquid  is  then  strained 
off,  the  residue  squeezed  out,  and  the  filtrate  precipitated  with  4  or  5 
measures  of  alcohol  of  38°  to  40°.  The  yellowish  white  flocks  are  freed 
from  sugar  and  soluble  biliar3^  matter  by  washing  with  a  large  quantity 
of  alcohol ;  and  from  adhering  nitrogenous  substances,  by  boiling  for 
^an  hour  to  1  horn-,  with  concentrated  potash-ley,  whereby  they  are  de- 
composed with  evolution  of  ammonia  ;  the  solution  is  then  mixed  with  a 
small  quantity  of  water,  filtered,  and  precipitated  with  4  or  5  measures 

Kf  alcohol  of  38°  or  40°.  The  precipitate  is  freed  from  potash  by  wash- 
)g  with  a  large  quantity  of  alcohol  ;  it  is  then  dissolved  in  a  small 
uantity  of  water,  the  solution  neutralised  with  acetic  acid,  and  again 
recipitated  with  alcohol.    Purer  glycogen  is  thus  precipitated,  while 
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acetate  of  potash  remains  in  solution.  (Bernard.)  So  prepared,  it  is 
apt  still  to  contain  lime-salts,  which  may  be  removed  for  the  most  part 
by  repeated  solution  in  strong  acetic  or  cold  dilute  nitric  acid,  and 
precipitation  with  alcohol.  (Kekule.  —  comp.  Hensen,  Handbuch,  viii. 
Zoochem.  385.) 

2.  The  fresh,  filtered,  and  cooled  decoction  of  the  liver  is  precipi- 
tated with  glacial  acetic  acid,  whereupon  nearly  pure  glycogen  is 
thrown  down,  the  albuminous  substances  remaining  in  solution. 
(Bernard.) 

3.  If  the  liver  is  washed  out  with  cold  water,  by  inserting  the 
nozzle  of  a  caoutchouc  syringe  into  the  vena  porta  and  driving  a  stream 
of  cold  water  through  the  capillaries  by  careful  pressure,  a  blood-red 
liquid  is  first  obtained,  then  a  bright  rose-coloured  liquid,  then  a  milky 
liquid,  and  at  last  water.  The  rose-coloured  and  milky  liquids  are 
heated  to  boiling  and  the  filtrate  precipitated  with  2  measures  of  alco- 
hol of  90°  ;  and  the  flocks  are  collected  after  some  hours,  washed  with 
alcohol,  dissolved  in  water  containing  acetic  acid,  and  again  heated  to 
boiling.  The  filtrate  precipitated  a  second  time  with  alcohol,  yields 
flocks  of  glycogen  in  abundance,  which  must  be  freed  from  fat  by 
washing  with  ether  and  dried  in  vacuo.     (Gorup-Besanez.) 


White,  mealy  powder,  which  even  under  the  micro- 
scope shows  no  peculiar  form*  Without  smell.  Tastes  Hke  starch. 
Neutral.     (Bernard  and  others.) 


Calculation 
according  to  Pelouze.    Pelouze. 


12  C 
12  H 
12  O 


72 
12 
96 


40-00 

6-67 

53-33 


39'8 

6-1 

54-1 


Calculation 
according  to  Kekule.      Kekule. 


12  C 
10  H 
10  O 


72 
10 
80 


44-44 

6-17 

49-39 


at  100°. 

44-49 

6-49 

,     49-02 


C12H12O12180  ....  100-00  ....  100-0    CiSRioOio  162  ....  100-00  ....  100*00 


Gorup- 
Besanez. 

at  100°. 
..  44-50 
.  6-38 
,.     49-12 


100-00 


Loses  1  at.  water  at  100°.  (Pelouze.)  —  See  Handbuch,  viii,  Zoochem. 
385,  for  SchifF's  and  for  Sanson's  statements  respecting  the  identity  of  glycogen 
with  inulin  and  dextrin.  Lochner  {Dissert.  Erlangen,  1858),  obtained  numbers  corre- 
sponding to  the  formula  Q^^W'^O^-,  2  HO.  On  account  of  the  discrepancy  between 
the  several  statements,  Gorup-Besanez  thinks  it  possible  that  various  kinds  of  glyco- 
gen may  be  obtained  from  the  liver. 

Decompositions,  1.  All  reagents  which  transform  starch  into  sugar, 
similarly  change  glycogen,  first  into  a  substance  corresponding  to 
dextrin,  then  into  sugar.  (Bernard.)  The  sugar  so  produced  is  iden- 
tical with  grape-sugar.  (Berthelot  &  de  Luca,  Compt.  rend.  49,  213.) 
This  transformation  is  occasioned  by  dibite  mineral  acids,  diastase,  and 
the  ferments  contained  in  the  blood,  saHva,  fiver,  and  pancreas.  (Ber- 
nard.) Boifing  dilute  sulphuric  acid  first  clarifies  the  aqueous  solution, 
and  only  produces  sugar  after  continued  boiling.  (Kekule.)  —  Neutral 
aqueous  glycogen  is  immediately  converted  into  sugar  by  safiva ;  the 
transformation  takes  place  very  slowly,  or  not  at  all,  in  presence  of 
free  acid,  caustic  or  carbonated  alkalis.    (Pavy.)    If  the  glycogen 
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contained  in  a  concentrated  decoction  of  liver  or  muscular  flesh  is 
warmed  with  saliva,  it  ferments  on  the  subsequent  addition  of  yeast. 
(Poggiale.)  Glycogen  which  has  not  undergone  this  preliminary 
treatment,  does  not  ferment  on  addition  of  yeast.     (Bernard.) 

2.  By  roasting,  glycogen  is  converted  into  a  substance  similar  to 
dextrin.  (Bernard.)  The  dextrin  formed  thus,  or  according  to  1, 
rotates  the  plane  of  polarisation  towards  the  right,  does  not  reduce  an 
alkahne  solution  of  cupric  oxide,  is  not  coloured  blue  by  iodine,  and 
does  not  ferment  with  yeast.  It  gives  a  clear  solution  with  water,  not 
with  strong  alcohol.     (Bernard.) 

3.  Yields  xyloYdin  when  treated  with  concentrated  nitric  acid;  and 
oxalic  acid  when  boiled  with  dilute  nitric  acid.  (Pelouze.)  If  concen- 
trated nitric  acid  is  poured  over  glycogen  dried  at  100°,  solution  takes 
place  after  a  few  moments,  and,  if  water  is  immediately  added,  a 
quantity  of  xyloidin  is  obtained  amounting  to  130  p.  c.  on  the  glyco- 
gen employed.  If  the  nitric  acid  solution  is  allowed  to  stand  for  some 
time,  water  precipitates  a  smaller  quantity  of  xyloidin,  and  after 
several  days  none  at  all.  (Pelouze.)  — 4.  Glycogen  does  not  reduce  an 
dlkahne  solution  of  cupric  salts.     (Bernard.) 

Combinations.  Glycogen  forms  an  opalescent  solution  with  ivater. 
(Bernard,  Kekule.)  —  In  the  absence  of  ferments,  the  solution  under- 
goes no  spontaneous  alteration  on  standing.  (Bernard.^  On  evapo- 
rating the  solution,  the  glycogen  separates  out  in  films.  (Ilensen.) 
According  to  Bernard  and  Lehmann,  the  solution  is  precipitated  by 
acetic  acid,  according  to  Lochner  and  Gorup-Besanez,  it  is  not  precipi- 
tated by  acetic  acid,  but  is  rendered  clearer  by  it,  according  to  Gorup. 

Iodine  colours  it  violet  or  bright  brown-red,  seldom  pure  blue  (Ber- 
nard), violet  or  oftenest  red-brown.     (Kekule.) 

It  is  precipitated  from  solution  in  water  by  basic  acetate  of  lead 
(Bernard) ;  not  precipitated.     (Ilensen.) 

It  is  quite  insoluble  (Bernard),  slightly  soluble  (Ilensen)  in  alcohol. 
—  Animal  charcoal  precipitates  it  from  solution  in  water.     (Bernard.) 


Dextrin. 
Qii^ioQio  or  ci2ff»0^^ 

Biot&Persoz.     (1833.)     Ann.   Chim.  Phys.  52,  72;    Schw.  m,  169;' 

Pogg.  32,  160 ;  Ann.  Pharm.  6,  209. 
Payen  &  Persoz.     Ann.   Chim.  Phys.  53,  73;    Pogg.  32,  182. — Ann. 

Chim.  Phys.  56,  337. 
Payen.     J.  Chim.  med.  9,  504,  549,  and  572.  —  Ann.   Chim.  Phys.  61, 

372  ;  65,  225,  and  234.  — iV^.  Ann.  Sc.  nat.  Botan.  10,  85,  and  170. 
Guerin-Varry.     Ann.  Chim.  Phys  60,  68. 

Jacquelain.     N.  Ann.  Chim.  Phys.  8,  255  ;  J.  pr.  Chem.  30,  477. 
Bechamp.     Compt.  rend.  51,  256. 

British  gum :  Amidine  (Chevreul.),  Gomme  amidone,  Gomme  dextrine  (Payen  & 
Persoz),  Dextrine  (Biot),  Leiocomme  ;  St'drkegummi,  Dextringummi. —  Bechamp  dis- 
tinguishes between  dextrine  defecule  and  dextrine  de  ligneux. 
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As  early  as  1811,  Vauquelin  {Bull.  Pharm.  3,  54)  mentioned  roasted  starch,  which 
Dobereiner  subsequently  (Schtv.  8,  207)  regarded  as  gum  ;  Biot  &  Persoz,  as  the  con- 
tents of  the  starch  .granules  (Chevreul's  amidine).  Payen  &  Persoz  recognised  it  as 
a  product  of  the  transformation  of  the  amidon  contained  in  the  starch-granules.  Accord- 
ing to  Chevreul  (1834)  it  is  identical  with  Couverchel's  gomme  normale,  Caventou's 
amidon  modijie,  Guibourt's  amidon  soluble  or  amidine. — It  has  been  examined  chiefly 
by  Payen.  —  It  was  named  dextrin  and  distinguished  from  gum,  by  Biot  &  Persoz,  on 
account  of  possessing  a  rotatory  power  towards  the  right;  but,  according  to  Bechamp 
{N.  Ann.  Chim.  PJiys.  48,  461),  Biot's  original  dextrin  is  not  the  same  as  the  substance 
to  which  that  name  is  now  given,  but  is  identical  with  Bechamp's  soluble  starch  (p.  102). 
According  to  Sanson  {HandbucJi,  viii,  Zoochem.  550"),  dextrin  is  identical  with 
glycogen.  [According  to  Eug.  Pelouze  {Compt.  rend.  44,  1321),  the  substance  re- 
garded as  dextrin  or   glycogen  by  Sanson  is  an  altered  albuminous  body. — W.] 

Occurrence.  Probably  in  nearly  all  vegetable  juices,  but  mistaken 
for  gum  (Mulder,  Lehrb.  d.  phys.  Chem.  232),  not  in  cereal  grains. 
(Mitscherlich,  Lehrh.  368.)  In  rye  and  wheat  (Furstenberg,  J,  pr, 
Chem.  31, 195) ;  probably  in  Fucns  saccharinus  (Witting.  J.  p)r.  Chem.  73, 
138)  ;  in  Spanish  chestnuts  to  the  extent  of  22*8  to  23*3  p.  c.  (Albini, 
Wien.  Acad.  Ber.  13,  502);  in  the  blood  (Ilcmdbuch,  viii,  Zoochem.  387 
and  550) ;  in  the  juice  of  flesh  {ibid.  387  and  550) ;  in  the  lungs  and 
spleen,  {ibid.  387.)  —  In  bread,  beer,  and  other  articles  of  food,  as  a 
product  of  the  metamorphosis  of  starch. 

Formation.  A.  From  starch  (comp.  pp.  81,  84-8G,  90,  &c.)  1.  By 
roasting  until  the  starch  acquires  a  yellowish  brown  colour  and  evolves 
vapour.  (Dobereiner ;  Bouillon-Lagrange,  Bull.  Pharm.  3,  395.)  By 
heating  to  200°  or  210°.  (Payen.)  The  presence  of  water  is  unneces- 
sary or  even  disadvantageous,  for  starch  dried  at  150°  yields  scarcely 
anything  but  dextrin  when  heated  for  -J  hour  to  210°  or  214°  in  an 
oil-bath,  whereas  air-diied  starch  forms  soluble  starch  at  the  same 
time.  (Maschke,  J.  pr.  Chem.  61,  1.)  —  2.  By  several  days' heating  to 
100°  with  water  (only  traces  are  formed  by  using  2,  or  from  30  to  40 
measures  of  water).  (Maschke.)  By  heating  with  water  to  150° 
(MitscherHch,  Pogg.  55,  221),  under  increased  pressure  (Jacquelain, 
Ann.  Chim.  Phjs.  73,  187). 

3.  By  the  action  of  acids,  as  of  cold  oil  of  vitriol  (Payen),  or  of 
dilute  sulphuric  acid  at  85°.  It  is  formed  more  quickly  and  at  a  lower 
temperature  by  the  action  of  strong  than  by  that  of  very  dilute  sul- 
phuric acid;  by  continued  boiling  of  the  mixture  it  is  transformed 
into  glucose.  (Biot  &  Persoz.)  By  dilute  nitric  acid.  (Biot  &  Persoz, 
Payen.)  By  heating  with  -i  pt.  tartaric  acid  and  5  pts.  water  to  125° 
for  an  hour  in  a  Papin's  digester.     (^Payen,  J.  Pharm.  7,  267.) 

4.  By  digestion  with  aqueous  alkali.     (Payen.) 

5.  By  the  action  of  diastase  at  60°  or  75°.  (Payen  &  Persoz, 
Guerin-Varry.) 

6.  By  the  action  of  sun-light  on  starch-paste.  (St.  Victor  & 
Corvisart,  Comp)t.   rend.  49,  368;  Ann.  Pharm.  113,  112.) 

In  the  modes  of  formation  1  to  3,  the  formation  of  dextrin  is  pre- 
ceded by  that  of  soluble  starch.  Comp.  pp.  82,  84,  and  102.  (Maschke, 
Bechamp.)  Sugar  is  formed  at  the  same  time  as  dextrin  in  processes 
3  to  5.    (Musculus.  —  Comp.  pp.  85^  90,  and  91.)  —  According  to  Delffs 
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{Pogg.  109,  648),  dextrin  differs  in  its  properties  according  as  it  is  pre- 
pared with  malt,  with  dilute  sulphuric  acid,  or  by  roasting-. 

B.  From  Cellulose.  By  the  action  of  oil  of  vitriol.  (Braconnot, 
Ann.  Chim.  Phys.  12,  172.  —  The  dextrine  de  ligneux  so  obtained  pos- 
sesses most  of  the  properties  of  dextrine  de  fecule,  but  has  a  different 
rotatory  power,  and  forms  a  dextrine  nitrique  ligneux  which  differs  from 
binitrodextrin.  (Bechamp.)  —  According  to  Mulder,  the  dextrin  of 
vegetable  juices  is  formed  from  cellulose  or  a  similar  substance  under 
the  influence  of  diastase,  and  is  further  transformed  into  starch  and 
sugar. 

Preparation.  1.  Starch  is  heated  in  a  shallow  vessel  with  a  double 
bottom  (the  intermediate  space  being  filled  with  heated  oil)  to  150 — 
1G0°,  with  continual  stirring,  until  it  begins  to  turn  yellow  and  becomes 
soluble  in  water.  (British  gum,  or  Leiocomme  of  commerce.)  —  In  order  to 
jnu'ify  it,  it  is  repeatedly  washed  with  cold  and  hot  alcohol  of  sp.  gr. 
0*843;  dissolved  in  water  at  90°,  and  precipitated  with  alcohol;  the 
precipitate  again  dissolved  in  hot  water,  and  the  filtered  solution  eva- 
porated to  dryness.  (Payen.)  —  2.  One  part  of  starch  is  acted  upon 
with  \  pt.  oil  of  vitriol  and  2*8  pts.  water.  The  acid  is  mixed  with 
part  of  the  water  and  the  starch  stirred  up  with  the  rest ;  the  diluted 
acid  is  gradually  poured  upon  the  starch,  and  tlie  mixture  is  kept  for 
some  time  at  90°.  The  dextrin  is  precipitated  by  alcohol  from  the 
clarified  solution.  (Biot  &  Persoz.)  —  Dextrin  so  prepared  cannot  be 
purified  from  sugar  which  is  formed  at  the  same  time  and  adheres  to 
it,  except  by  dissolving  it  at  least  ten  times  in  water  and  precipitating 
the  solution  with  alcohol,  which  should  not  be  employed  in  excess. 
(Payen.)  —  The  solution  obtained  by  boiling  starch  with  acid  contains, 
immediately  after  it  has  become  clear,  but  little  dextrin,  but  a  large 
quantity  of  soluble  starch.  (Maschke,  J.  i^r.  Chem.  61,  1.)  —  Hofmann 
(Dingl.  149,  320;  Chem.  Centr.  1859,  509;  N.  Br.  Arch.  98,  110), 
exposes  corn  with  1*5  pt.  water  and  O'Ol  to  0'02  pt.  oil  of  vitriol  to 
high-pressure  steam  at  107° — 149°,  for  2  or  3  hours,  in  an  air-tight 
mash-tun,  pours  off  the  liquid,  saturates  it  with  chalk,  and,  after 
allowing  the  precipitate  to  settle,  decants  and  evaporates  to  dryness. 
—  3.  Starch  is  moistened  with  0'002  pt.  nitric  acid  and  the  requisite 
quantity  of  water,  formed  into  cakes  which  are  broken  up  after  being 
allowed  to  dry  in  the  air,  spread  out  in  shallow  layers  in  a  chamber  sup- 
plied with  hot  air,  gi'adually  heated  to  80°,  and  at  last  dried  at  110". 
(Payen.)  —  4.  Starch  is  digested  for  12  hours  at  50° — 60°  with  5  p.  c, 
potash-  or  soda-ley ;  the  clear  solution  is  neutrahsed  with  acetic  acid, 
and  precipitated  with  alcohol.     Purification  as  in  2.     (Payen.) 

5.  Five  parts  of  sprouted  barley-malt  with  400  pts.  water  at 
25° — 30°  are  slowly  heated  to  60°,  100  pts.  starch  are  added,  and  the 
mixture  is  kept  at  65° — 75°  for  about  -J  an  hour,  or  until  the  liquid, 
which  is  at  first  milky,  has  become  clear  and  perfectly  fluid,  it  being-  kept 
stirred  all  the  time  ;  the  temperature  is  then  quickly  raised  to  95°  or 
100°,  to  destroy  the  activity  of  the  diastase ;  the  solution  is  filtered 
when  cold  and  already  clarified  by  subsidence ;  and  the  filtrate  evapo- 
rated at  110°,  the  scum  which  forms  on  the  surface  being  skimmed  off, 
to  a  syrup  which  solidifies  to  a  jelly  on  cooling,  and  is  then  divided 
into  thin  layers  and  dried  in  a  current  of  air  in  a  drying  oven.  The 
product  is  purified  by  precipitating  the  concentrated  aqueous  solution 
with  alcohol,  treating  the  precipitate,  which  consists  of  dextrin  with  a 
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small  quantity  of  starch,  with  water,  which  dissolves  the  dextrin, 
and  again  precipitating  with  alcohol.  (Payen  &  Persoz.)  —  Sprouted 
barley-malt  may  also  be  mixed  with  7  pts.  water  and  gradually  heated 
in  the  water-bath  to  65°,  with  constant  stining ;  then  to  75°  for  25 
minutes  ;  yV  pt.  animal  charcoal  added ;  the  liquid  filtered,  warmed  in 
the  water-bath  to  60°,  and  starch  added  to  it  as  above.  The  dextrin 
thus  obtained  is  very  white. 

In  order  to  obtain  dextrin-syrup,  twice  the  quantity  of  malt  indi- 
cated above  must  be  used,  and  the  mixture  must  be  digested  between 
65°  and  75°  for  a  longer  time,  until  it  is  no  longer  coloured  blue  by 
iodine.  (Payen.)  The  dextrin-syrup  so  obtained  is  precipitated  with 
alcohol  of  95  p.  c,  and  filtered ;  the  residue  is  dissolved  in  8  pts.  water 
at  75° ;  the  solution  is  shaken  with  animal  charcoal  for  a  quarter  of  an 
hour,  andfiltered;  andthefiltrate  is  evaporated  in  vacuo.  (Gnerin-Varry.) 
—  Starch  is  digested  at  70° — 75°  with  0*02  pt.  diastase  and  5  pts.  water, 
until  the  hquid  is  no  longer  coloured  blue  by  iodine  ;  it  is  then  filtered, 
and  evaporated ;  the  residue  freed  from  sugar  by  exhaustion  with 
alcohol  of  85  p.  c,  then  dissolved  in  spirit  of  30 — 35  p.  c. ;  and  the 
solution  filtered  from  the  undissolved  starch  is  evaporated.  (Payen 
&  Persoz.) 

Properties.  Solid,  brittle,  colourless  or  slightly  coloured,  transparent , 
gummy  mass,  reducible  by  trituration  to  a  white  powder  which  grates 
between  the  fingers,  (Payen.  J.  Chim,  med.  21,  427),  sp.  gr.  1-52. 
(Payen.)  —  Tasteless  (Payen,  Guerin-Yarry),  has  a  sweetish  gummy  taste, 
(B ouillon- Lagrange) ;  inodorous,  permanent  in  dry  air,  and  at  100°  (Gue- 
rin-Yarry).—  Specific  rotatory  power  [a]  =  138*7°  to  the  right,  =  176° 
(Bechamp).  Rotatory  power  of  Dextrine  de  Ligneux  [a]  =  88-9°  to  the  left. 
(Bechamp.)  —  Neutral. 


In  vacuo, 
24  C  

144 

44-44 

6-17 

49-39 

Payen  &  Peligot. 
43-31 

20  H 

20 

6-60 

20  O         

...    IfiO 

.     50-09 

C24H20O20  

324     . 

100-00 

Payen. 

100-00 

24  C 

a. 

42-54     .... 

b. 
43-63     .. 

6-00     . 
50-37     .. 

c. 
..     43-64     .... 
..       6-27     .... 
..     50-09     .... 

d.                  e.^ 
43-27     ....     44-18 

20  H 

6-22     .... 

6-11     .^.       6-00 

20  O 

51-24     .... 

50-62     ....     49-82 

100-00     ....  100-00     ....  100-00 

a.  dried  at  80°  ;  the  other  products  at  100°  in  vacuo  (Payen.) 

a.  and  b.  prepared  by  (1);  c.  from  commercial  dextrin  and  purified  as  in  (1);  d. 
prepared  from  starch  with  cold  oil  of  vitriol ;  e.  by  (4). 

Decompositions.  1.  Dextrin  heated  to  120° — 130°  becomes  pale 
yellow,  gives  off  water,  and  acquires  the  smell  of  toasted  bread ;  after 
half-an-hour's  heating  to  145° — 150°,  it  assumes  a  deeper  yellow 
colour;  after  an  hour's  heating  to  195° — 200°,  it  becomes  reddish 
without  melting  or  losing  its  transparency ;  at  225°,  it  begins  to  melt, 
ajid  at  235°,  it  swells  up  strongly,  turns  yellowish  brown,  and  yields 
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acetic  acid,  carbonic  acid,  carburetted  hydrogen  And  other  products. 
(Guerin-Yarry). — AVhen  thrown  on  red-hot  coals,  it  burns  hke  gum 
(Bouillon-Lagrange). —  2.  Treated  with  nitric  acidy  it  yields  oxalic  acid 
(Bouillon-Lagrange,  Fiirstenberg),  no  mucic  acid  (Guerin-Varry), 
probably  also  saccharic  acid  (Gerhardt,  Traite  2,  493).  —  3.  With  nitro- 
sulphuric  acid,  it  forms  binitrodextrin  (Bechamp).  —  4.  With  oil  of 
vitriol,  it  blackens  and  gives  off  acetic  acid  (Bouillon-Lagrange) ;  boiled 
Avith  4  pts.  water  and  0*01  oil  of  vitriol,  it  forms  glucose  (Payen  & 
Persoz). —  It  is  converted  into  sugar  by  boiling  with  any  dilute  acid 
(Biot  &  Persoz.) —  5.  It  is  not  altered  by  hydrochloric  acid. —  6.  Heated 
to  100°  for  50  or  60  hours  with  glacial  acetic  or  butyric  acid,  it  gives 
off  water,  and  forms  a  small  quantity  of  a  compound  analogous  to  or 
identical  with  aceto-  or  butyro-glucose  (Berthelot,  N.  Ann.  Chim. 
Pltys.  GO,  98). —  7,  Heated  with  aqueous  bicarbonate  of  potash  and 
iodine,  it  yields  iodoform  (Millon,  Compt.  rend.  21,  828 ;  J.  pr.  Chem. 
37,  55). —  8.  It  is  not  altered  by  aqueous  permanganate  of  potash  (E. 
Monier,  Comjn.  rend.  46,  425;  J.  pr.  Chem.  73,  4:79).  —  9.  Heated  to 
150°  in  a  sealed  tube  with  strong  caustic  ammonia,  it  behaves  like 
starch  (p.  87),  but  the  substance  thus  obtained  by  continuing  treat- 
ment for  7  days,  contains  11  p.c.  nitrogen  (Schiitzenberger,  Zeitschr.  Ch. 
Pharm.  4,  ^Q). — 10.  It  colours  a  cupric  solution  containing  caustic  potash 
blue,  but  does  not  throw  down  cuprous  oxide  from  it  till  heated  to  85°, 
and  even  then  but  slowty  (Trommer,  Ann.  Pharm.  39,  360  ;  Delffs) ;  not 
even  when  heated  (Fiirstenberg,  X  ;?r.  Chem.  31,  195). —  11.  Heated 
with  cinchona  bases,  it  gives  off  red  vapours  which  condense  to  a  red 
liquid  (Batka,  Chem.  Centr.  1859.  865). — 12.  It  does  not  ferment  with 
water  and  yeast  (Biot  &  Persoz,  Guerin-Variy,  Payen)  ;  in  contact  with 
water  and  calf's  rennet,  at  40°,  it  is  converted  into  milk-sugar  or  a 
modification  thereof  (Fremy,  J.  Pharm.  25,  299).  By  water  and  dias- 
tase  at  60° — 70°,  it  is  gradually  converted  into  sugar  (Payen  &  Persoz), 
but  only  partially  (Guerin-Varry).     See  the  statements  of  Musculus,  (p.  91). 

Combinations.  With  Water.  Dextrin  exposed  to  moist  air  absorbs 
4  at.  water,  of  which  it  gives  off  2  at.  in  vacuo  at  15°,  and  the  rest 
between  100°  and  140°.     (Payen.) 

It  deliquesces  to  a  syrup  in  air  saturated  with  moisture,  and  dis- 
solves readily  in  water.  (Biot  &  Persoz.)  The  solution  is  clear  and 
gummy  (Bouillon),  glutinous  (Biot  &  Persoz),  and  is  precipitated  by 
water  (Guerin-Varrry).      For  the  rotatory  power  vid.  sup. 

Aqueous  dextrin  does  not  suffer  any  alteration  of  rotatory  power 
by  keeping  (Biot  &  Persoz),  but  loses  it  to  a  certain  extent  when 
heated  (Dubrunfaut,  Compt.  rend,  23,  43). —  When  kept,  even  out  of 
contact  with  the  air,  it  deposits  pulverulent  modified  dextrin  (Biot  & 
Persoz)  ;  when  frozen  it  deposits  a  powder  which  redissolves  on  thaw- 
ing (Jacquelain,  Ann.  Chim.  Phys.  73,  187).  Aqueous  dextrin  is  not 
coloured  by  aqueous  solution  of  iodine  (Payen,  Guerin-Varry) ;  it  is 
coloured  wine-red  (Biot  &  Persoz) ;  purple-red  if  the  dextrin  has  been 
prepared  by  heating  1  pt.  of  starch  with  5  pts.  water  in  a  Papin's 
digester,  for  ^  to  j  of  an  hour, —  not  at  all  if  prepared  by  heating  in 
like  manner  for  2  hours.  Also  by  treating  starch  with  oxalic  acid  and  water  to 
130°  for  an  hour,  neutralising  the  solution  with  chalk,  and  repeatedly  precipitating  the 
dextrin  from  its  solution  by  alcohol,  a  dextrin  is  obtained  which  is  coloured  purple-red 
by  iodine-water,  whereas  the  dextrin  obtained  by  heating  in  like  manner  for  2  hours  is 
not  coloured  by  iodine-water.  (Jacquelain,  Ann,  Chim.Phys.  73,  187  ;  see  also  Delffs 
Po^^.  109,  648.)  ' 
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With  Metallic  oa:{t?e5.— Metallic  oxides  insoluble  in  water  generally 
dissolve,  as  double  compounds,  in  aqueous  dextrin,  in  presence  of  a 
slight  excess  of  potash. 

Barium-compound. — Precipitated  from  a  solution  of  dextrin  in  alcohol 
of  56  p.  c,  or  of  wood  spirit  50  p.  c,  saturated  at  24°,  on  addition  of  a 
nearly  saturated  solution  of  hydrate  of  baryta  in  wood-spirit.  The 
precipitate  is  washed  with  weak  wood-spirit,  and  dried  in  vacuo  or  in 
air  free  from  carbonic  acid.  (Payen.)  The  aqueous  solution  of  dex- 
trin prepared  by  roasting  precipitates  baryta- water ;  that  which  is 
prepared  with  sulphuric  acid  or  malt  does  not.     (Delffs.) 


2  BaO 

153     . 

..     29-9       ... 
..     70-1 

Payen. 
31-8 

C24H18018  ■■ 

306     . 

C24HisBa2O20  

459     . 

...  100-00 

Lead-compound.  —  The  solution  of  dextrin  in  water  or  weak  spirit 
is  not  precipitated  by  either  neutral  or  basic  acetate  of  lead.  (Payen.) 
Basic  acetate  of  lead  added  in  excess  to  a  very  concentrated  solution 
of  dextrin,  throws  down  a  gelatinous  precipitate.  (Stadeler,  Ann. 
Pharm.  Ill,  26.)  A  solution  of  basic  acetate  of  lead  is  precipitated  by  dextrin 
prepared  with  malt,  but  not  by  dextrin  prepared  from  starch  by  roasting  or  by  the 
action  of  sulphuric  acid.     (Delffs,  Pogg.  109,  648.) 

a.  Basic.  A  solution  of  dextrin  is  poured  into  an  excess  of  an  am- 
moniacal  solution  of  neutral  acetate  of  lead,  and  the  precipitate  is 
washed  and  dried  at  50°  in  vacuo.  Loosely  coherent  white  powder, 
which,  when  heated  in  vacuo  to  180°,  gives  off  water  and  turns 
yellow.     Soluble  in  acetic  acid.     (Payen.) 

Payen. 
In  vacuo,  at  50"*.        at  80*. 

24  C    144-0     ....     19-1     ....     18-5     ....     190 

18  H   180     ...       2-4     ....       2-7     ....       2-4 

18  0    144-0     ....     19-2     ....     21-0     ....     19-4 

4  PbO   446-8     ....     59-3     ....     57*8     ...     59-2 

C24Hi8pb202o,2PbO    ....  752-8     ....  100-0     ....  100-0     ....  1000 

I.  Bibasic.  A  cold  solution  of  neutral  acetate  of  lead  mixed  with 
ammonia  is  added  by  drops  to  an  excess  of  a  warm  solution  of  dextrin, 
till  the  precipitate,  which  at  first  disappears  on  stimng,  encloses 
about  half  the  dextrin  present.  This  precipitate  is  washed  in  an  appa- 
ratus which  protects  it  from  the  action  of  carbonic  acid,  and  dissolved 
with  aid  of  heat  (in  acetic  acid  ?  Kr.) ;  the  solution  evaporated  in  a 
retort  till  the  boiling  point  rises  to  115°,  then  cooled,  and  precipitated 
with  excess  of  ammonia ;  and  the  precipitate  is  collected,  washed  and 
dried.     (Payen.) 

at  100°,  Payen. 

2PbO 223-4     42-2     40-1 

€2^1180^8 306.0     57-8 

C24Hi8Pb2O20    ....     529-4     100-0 

c.  Acid  f    If  the  liquid  which  remains  after  precipitation  of  h  be 
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mixed  with  alcohol,  the  resulting  precipitate  contains  10*17  per  cent, 
of  lead.     (Pay en.) 

An  aqueous  solution  of  dextrin  is  not  precipitated  by  ferrous  sul- 
phate (Payen)  ;  it  does  not  decolorise  aqueous  ferricyanide  of  potassium 
mixed  with  ^  pt.  hydrate  of  potash,  even  on  boiling-  (Gentele,  Dmgl. 
152,  68) ;  neither  does  it  precipitate  mercurous  nitrate  ov protocldoride  of 
tin  (Payen).  Dextrin  prepared  with  malt  or  by  roasting  throws  down,  white  precipi- 
tate from  mercurous  nitrate,  that  which  is  prepared  with  dilute  sulphuric  acid  does  not. 
(DelflFs,  Por/g.  109,  648.) 

Aqueous  dextrin  dissolves  glucose ;  the  solution  reduces  a  cupric  solution  containing 
potash,  without  previous  blueing  (Ventzke,  /.  pr.  Chem.  25,  81). 

Dextrin  is  insoluble  in  alcohol  of  sp.  gr.  0*837  or  0*88  either 
cold  or  boiling,  but  abstracts  from  it  at  the  boiling  heat  a  certain 
quantity  of  water,  and  softens.  When  covered  with  1000  pts.  of 
alcohol  of  sp.  gr.  0*91,  it  does  not  dissolve  completely  even  onboihng, 
but  the  same  alcohol  in  contact  with  a  larger  quantity  of  dextrin,  dis- 
solves the  greater  part  of  it  at  the  boiling  heat,  amounting  to  3  p.  c. 
of  its  own  weight,  and  deposits  it  partly  again  on  coohng,  so  that 
after  six  days  the  quantity  still  remaining  in  solution  amounts  to  ^ 
per  cent,  of  the  alcohol. 

According  to  Payen,  it  dissolves  readily  in  alcohol  of  30  p.  c,  less 
easily  in  alcohol  of  45,  not  at  all  in  alcohol  of  80  p.  c,  and  is  precipi- 
tated as  a  syrup  by  alcohol  of  84  p.  c.  from  its  solution  in  weaker 
alcohol.  —  Anthon  found  that  when  dextrin  prepared  with  malt  was 
boiled  with  143  pts.  alcohol  of  sp.  gr.  0*95,  the  whole  dissolved,  but 
half  of  it  separated  on  cooling,  whereas  the  same  dextrin  boiled  with 
3  pts.  alcohol,  likewise  dissolved  and  separated  on  coohng,  to  such  an 
extent  only  that  19  per  cent,  remained  in  solution.  Hence  Anthon 
regards  this  dextrin  as  decomposible  by  alcohol  of  sp.  gr.  0*95 
and  the  portion  which  separates  on  cooling  as  different  from  that 
which  remains  dissolved. 

Dextrin  is  soluble  in  methylic  alcohol.  —  The  solution  mixed  with  an 
equal  quantity  of  water  is  not  precipitated  by  common  alcohol  of  56 
per  cent.     (Payen.) 

Insoluble  in  ether.     (Guerin-Varry.) 


Appendix  to  Dextrin, 

1.  Pyrodextrin. 

Gelis  (1857).     N.  Ann.  Chim.  Phys.  52,  388;  N.  J.  Pharm.  33,  405; 
abstr.  Compt.  rend.  45,  991 ;  Chem.  Centr.  1858,  164. 

Formation  and  Preparation.  By  the  roasting  of  starch  (appearing, 
indeed,  to  be  the  only  coloured  substance  thereby  produced),  of  cereal 
grains,  potatoes,  maize,  or  coffee.  —  Starch  is  heated,  with  constant 
stirring,  in  an  open  vessel  strongly  heated  on  one  side,  fresh  portions 
being  continually  brought  in  contact  with  the  hot  part,  till  it  is  free 
from  adhering  water,  swells  up  strongly,  gives  off  pungent  vapours, 
and  sinters  together,  so  that  it  is  easily  separated  from  the  hot 
bottom  of  the  vessel.  It  is  dissolved  in  hot  water  ;  the  clear  filtrate 
evaporated,  and  the  residue  dried  and  heated  by  small  portions  in  an 
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air-bath  to  220°  —  230°,  to  complete  the  roastmg.  The  spongy  pro* 
duct  thus  obtained  is  purified,  especially  from  adhering  dextrin,  by 
repeatedly  dissolving  it  in  water  and  precipitating  the  solution  with 
alcohol,  as  long  as  dark  flakes  continue  to  separate — or,  in  presence 
of  a  large  quantity  of  dextrin,  by  precipitating  the  aqueous  solution 
with  excess  of  baryta-water  containing  alcohol,  washing  the  resulting 
precipitate  with  weak  spirit,  pouring  upon  it  a  quantity  of  sulphuric 
acid  sufficient  to  decompose  it,  filtering  the  liquid  to  remove  sulphate 
of  baryta,  and  precipitating  the  filtrate  with  alcohol.  The  pyrodextrin, 
which  separates  in  the  form  of  syrup,  is  dissolved  in  a  small  quantity 
of  water,  the  filtrate  evaporated  over  the  water-bath,  and  the  residue 
dried  at  140°. 

Pmperties.     Sofid,  brown,  friable  mass,  shining  and  tough  when 
moist.     Inodorous  and  tasteless. 


QQ  c 

74  H  

576  ... 

74  ... 

....  46-37  ... 
....   5-95  ... 
....  47-68  ... 

Ge'lis. 
at  160°. 

45-71 

6-20 

74  O  

592  . 

48-09 

C!>6H-W4  

1242  ... 

....  100-00  ... 

10000 

According  to  Gelis,  it  is  Q^^^'O^  =  4C12H509  +  HO. 

Decompositions.  1.  Remains  unaltered  at  210°— 220°,  but  decom- 
poses at  a  higher  temperature  ;  takes  fire  with  difficulty,  and  leaves  a 
hard,  coherent,  slowly-burning  cinder.  —  2.  Treated  with  nitric  acid,  it 
yields  oxalic  acid.  — 3.  By  oil  of  vitriol  or  strong  hydrochloric  acid,  it  is 
converted  into  a  sparingly  soluble  brown  powder  ;  dilute  sulphuric  or 
hydrochloric  acid  alters  it  but  very  slowly,  even  when  heated.  —  4.  It 
reduces  cuprous  oxide  from  an  cdkalim  solution  of  cupric  oxide,  and  from 
solutions  of  gold-  and  sz'Zrer-salts,  it  reduces  the  metals. 

ComUnations.  Pyrodextrin  when  exposed  to  the  air  takes  up  3  at. 
water,  and  afterwards  dissolves  readily  in  water  forming  a  brown 
adhesive  gum. 

Aqueous  pyrodextrin  is  not  coloured  purple-red  by  iodine  (like  dex- 
trin), but  is  decolorised  by  moist  hydrate  of  alumina. 

Barium-compound.  —  Obtained  by  precipitating  aqueous  pyrodextrin 
with  baryta-water,  washing  the  precipitate  with  weak  alcohol,  and 
drying  it  in  a  space  free  from  carbonic  acid.  Sparingly  soluble  in 
water,  soluble  in  glacial  acetic  acid. 

G!61is. 

96  C    576        ....     37-64     ....     36-92 

72  H  72   ....   4-70  ....   4*90 

72  O  576   ....  37-64  ....  3798 

4  BaO  306-4  ....  20-02  ....  2020 


< 


C96H72Ba^O"6 1530-4     ....  100-00  100-00 

J^ad-compounds.    Pyrodextriu  forms  several  compounds  with  oxide 


GUMS.  193 

of  lead.  The  neutral  compound  is  obtained  by  mixing  aqueous  solu- 
tions of  pyrodextrin  and  neutral  acetate  of  lead,  and  precipitating  the 
mixture  with  absolute  alcohol,  or  better,  by  precipitating  a  concen- 
trated aqueous  solution  of  pyrodextrin  with  excess  of  neutral  acetate  of 
lead  dissolved  in  alcohol;  dissolving  the  black  semifluid  precipitate 
several  times  in  water  and  precipitating-  with  alcohol;  and  lastly, 
evaporating  the  aqueous  solution  of  the  salt  _so  purified,  first  on  a 
water-bath,  then  in  a  drying-oven. 

Very  soluble  in  water,  easily  precipitated  therefrom  by  alcohol. 
Not  affected  by  the  carbonic  acid  of  the  air. 


96  C 

576-0 

....  39-81  . 
....   4-97  . 
....  3981  . 
....  15-41  . 

GeUs. 
...  39-09 

72  H 

72-0 

5-21 

72  O 

576-0 

.  40-50 

2  PbO 

223-4 

..  15'20 

C96H72pb2074  

1447-4 

....  100-00  . 

..  100-00 

Pyrodextrin  is  sparingly  soluble  in  alcohol  of  22  p.  c. ;  insoluble  in 
absolute  alcohol  and  in  ether,    (Gelis.) 


Carbo-hydrates  C^ni'^O^K 

The  extensive  group  of  amorphous  vegetable  substances,  formerly- 
designated  by  the  common  name  of  gum,  which  form  with  water  a 
viscid  and  glutinous  solution,  and  are  precipitated  or  coagulated  by 
alcohol,  has  been  separated  by  Fourcroy,  Thomson,  Guerin-Varry,  and 
others,  into  several  smaller  groups,  each  of  which  however  includes  a 
number  of  bodies  differing  from  one  another  in  origin  or  in  mode  of 
formation.  In  the  majority  of  cases,  the  existing  observations  are  not 
sufficient  to  enable  us  to  decide  with  certainty  on  the  identity  or 
difference  of  the  individual  members  of  these  groups,  especially  as  the 
great  mass  of  observations  have  hitherto  been  made  on  the  gums  as 
they  occur  in  nature  (mixtures  of  several  distinct  gums  or  containing 
inorganic  impurities).  On  the  authority  of  the  researches  of  Neubauer, 
Fremy,  and  others,  the  following  substances  are  here  treated  as 
definite  chemical  compounds :  1.  Arabic  acid,  with  reference  to  the 
researches  on  gum-arabic.  —  2.  Metagummic  acid,  including  cherry 
tree  gum.  (Guerin-Varry's  Cerasin.)  —  3.  Bassorin.  —  4.  Vegetable 
mucus,  regarded  by  most  authors  as  identical  with  bassorin,  but  differ- 
ing therefrom  in  its  mode  of  occurrence  in  a  manner  which  renders  it 
probable  that  the  two  are  chemically  different. 

Fourcroy  distinguished  Gum-arabic,  Gomme  du  pays,  and  Gum-tra- 
fjacanth  without  however  precisely  characterising  these  divisions.  — 
Thomson  (in  his  "  System  of  Chemistry,"  4,  21),  made  four  divisions  : 
1.  Gum,  in  which  term  he  included  gum-arabic,  gum-senegal,  and  the 
gum  of  Stertidia  urens,  precipitable  by  solution  of  silica.  —  2.  Mucilage, 
including  that  from  linseed,  quinces,  and  marsh-mallow  roots,  not  pre- 
cipitable by  solution  of  silica  (Guerin-Varry).  —  3.  Cerasin,  including 
the  gums  indigenous  in  Europe.  —  4.  Gum-tragacanth.  —  Vauquelin 
made  a  special  division  for  Bassorin,  on  account  of  its  insolubility  in 
water.  ■ —  Dextrin  and  other  products  resulting  from  the  decomposition 
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of  starch  and  woody-fibre,  were  formerly  classed  among  the  gums,  till 
Biot  distinguished  dextrin  therefrom,  on  account  of  its  action  on 
polarised  light. 

Guerin-Varry  regards  as  characteristic  of  gum,  the  capability  of 
forming  mucic  acid  with  nitric  acid.  His  classification  distinguishes : 
1.  Arahin,  soluble  in  water.  —  2.  Bassorin,  insoluble  in  water. — 
3.  Cerasin,  likewise  insoluble  in  water,  but  converted  into  arabin  by 
boiling  with  water.  Guibourt  distinguishes  several  subdivisions. 
Berzelius  (LeJu-buch,  3  Aufl.  6,  396)  distinguished  two  classes  of  gums : 
1.  True  gum,  soluble  in  water,  either  cold  or  boiling,  to  a  thick,  glutin- 
ous liquid,  insoluble  in  alcohol,  precipitable  by  basic  lead-salts,  but 
not  by  tincture  of  galls,  mostly  converted  by  nitric  acid  into  mucic  acid. 
—  2.  Vegetable  mucus,  perfectly  insoluble  in  cold,  soluble  for  the  most 
part  in  boihng  water,  in  which  it  swells  up  to  a  thick  mucilage,  not  pre- 
cipitable by  solution  of  borax  or  tincture  of  galls. 

Gum-arabic  was  shown  by  Neubauer  to  consist  of  the  potash-  and 
lime-salts  of  a  peculiar  substance,  arahin  (arable  acid,  according  to  Hek- 
meljer),  either  of  acid  nature  or  related  to  the  acids.  Arabin  is  C^^II^^O" 
or  C^^H^'^0'^^  and  is  capable  of  forming  with  lime  a  compound  identical 
with  gum-arabic.  Neubauer  observed  that  arabin  after  drying  merely 
swells  up  in  water  without  dissolving,  but  that  its  solubility  is  restored 
by  addition  of  bases.  Gum-arabic  undergoes  a  similar  alteration  when 
its  highly  concentrated  aqueous  solution  is  poured  upon  the  surface  of  oil 
of  vitriol,  or  when  it  is  roasted  with  oxalic  acid  (Fremy),  or  heated  for 
some  time  to  150°  (Gelis),  being  converted,  by  the  former  treatment, 
into  Fremy's  metagummic  acid ;  by  the  latter  into  Fremy's  metagum- 
mate  of  lime,  Gelis's  artificial  cerasin.  The  portion  of  cherry  tree  gum 
(Guerin-Varry's  cerasin),  which  is  insoluble  in  water,  is,  according  to 
Fremy  and  GeHs,  metagummate  of  lime,  and,  like  that  substance,  con- 
vertible into  gummate  of  lime.  The  portions  of  Bassora  gum,  insolu- 
ble in  water,  yield,  under  the  influence  of  alkalis,  a  product  different 
from  gummate  of  lime,  but  likewise  soluble  in  water.     (Fremy.) 


Arabic  Acid  and  Gum-arabic. 

OiajjiiOn  or  C24H23022. 

Cruikshank.    Scher.  J.  3,  289. 

BosTOCK.     N.  Gehl.  8,  573, 

Vauquelin.     Ann.  Chim..  6,   178;  54,  312;    80,  315.  — i5«//.  Plmrm, 

3,49. 
Pfaff.     System  d.  Mat.  med.  1,  102* 
Berzelius.     Ann.  Chim.  95,  77. 
Trommsdorff.     N.  Tr.  22,  2,  254. 
Gu^rin-Varry.     Ann.  CJiim.  Phys.  49,  248 ;  Schv.  65,  220  ;  N.  Tr.  26, 

2,  155;  abstr.  Po^^.  29,  50;  Berz.  Jahresh.  13,  276.  — ^wi  Chim. 

Phys.  51,  222. 
Biot  &  Persoz.     Ann.  Chim.  Phys.  52,  85  ;    Pogg.   32,   160  ;  Schw.  m, 

163  ;  abstr.  Ann.  Pharm.  6,  210. 
Guibourt.     ,J.  chim.  med.  8,  419  ;  Ann.  Pharm.  9,  221. 
Mulder,    Bulh  de  Neerlande,  1838,  167 ;  abstr.  J.  pr.  Chenu  16,  244* 
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Herberger.     Rejwrt.  47,  19 ;  Pharm.  Centr.  1834,  193. 

Lassaigne.     J.  chim.  med.  18,  416  and  821 ;  abstr.  Berz.  Jahresh.  23,  381. 

BucHNER.     Ann.  Pharm,  45,  89. 

Schmidt.     Ann.  Pharm.  51,  29. 

Neubauer.     J.pr.  Chem.  ^2.  193;  abstr.  Pharm.   Centr.  1854,  637.— 

Ann.  Pharm.  102,  105 ;  abstr.  J.  pr.    Chem.  71,  255 ;   Chem.  Centr. 

1857,  590. 
LuDWiG.     N.  Br.  Arch.  82,  33,  and  153  ;  abstr.  Chem.  Centr.  1855,  376. 
A.  Gelis.     Compt.  rend.  44,  144;  N.  J.  Pharm.  31,  216  ;    J.  pr.   Cheiri, 

71,  378;  abstr.  N.  Br.  Arch.  96,  192. 
Hek3IELjer.     Scheik.    Verhandl.  en  Onderzoek.  2,  2,  167  ;  abstr.  Kopp's 

Jahresher.  1858,  482. 
E.  Fremy.     Compt.  rend.  50,  124;  N.  J.  Pharm.  37,  81;  abstr.  Chem. 

Centr.  1860,  607. 

Vegetable  gum.  Pflanzengummi.  Gomme^  Muqueux.  Gummic  acid  (Fremy). 
Arahin  (Neubauer;. 

Sources. — In  the  vegetable  and  animal  kingdoms,  in  the  former 
universally  diffused,  as  contents  of  the  cells,  or  as  secretion  in  the 
,i;nm-ducts,  from  which,  as  they  burst,  the  gum  exudes  and  slowly  dries 
and  hardens  on  the  bark.  It  forms  the  gum-arabic  or  gum-senegal 
of  commerce,  which  exudes  from  various  species  of  acacia  growing  in 
Arabia,  Egyi3t,  and  other  countries. 

The  following  plants  contain  gum  which,  however,  is  only  partially 
identical  with  gum-arabic.  The  roots  of  Anacyclus  Pyrethrum 
(Phytochem,  (jQ>);'^-  Bryonia  alba  (Schwerdfeger,  Jahrb.  pr.  Pharm.  7,  287)  ; 
Cephalis  Ipecacuanha  (WilWgk,  Wien.  Akad.  Ber.  5,  190);  Rumex  aciituft 
(Bley,  N.  Tr.  25,  2,  68) ;  Typha  angustifolia,  especially  in  spring 
(Lecocq,  /.  Pharm.  14,  221)  ;  Valeriana  officinalis  (Trommsdorff,  N.  Tr. 
18,  1,  3);  the  bulbs  of  Colchicum  autumnale  (Pelletier  &  Caventou, 
Ann.  Chim.  Phys.  14,  69).  The  root-stocks  of  Asplenium  filix  fcemina 
(Bock,  N.  Br.  Arch.  65,  257)  :  Polypodium  vulgare  (Desfosses,  J.  Pharm. 
14,  246);  Vercdrum  album  (Pelletier  &  Caventou,  Ann.  Chim.  Phys.  14, 
69). — In  the  herb  of  Calluna  vulgaris  (Bley,  Repert.  15,  329);  the 
bark  of  various  species  of  Cinchona  (Reichardt,  Reichel,  Phytochem..  50) ; 
in  Cinchona  nova  (Pelletier  &  Caventou,  Winckler;  Illasiwetz,  Ann. 
Pharm.  79,  142) ;  Croton  Elateria  (Duval,  Phytochem,  23) ;  Salix  alba 
(Pelletier  &  Caventou,  J.  Pharm.  7,  123;  Repert.  12,  213);  Samhucus 
nigra  (Kramer,  N.  Br.  Arch.  43,  20) ;  Swietenia  febrifuga  (Overbeck, 
N.  Br.  Arch.  68,  271). — The  leaves  of  Ampelopsis  hederacea  (Wittstein, 
Repert.  46,  317);  Calendula  officincdis  (Geiger,  Diss,  de  Calend.  offi 
Heidelberg,  1818);  Taxus  baccata  (Peretti,  J.  Pharm.  14,  537).  The 
leaf-buds  of  Populus  nigra  (Pellerin,  J.  Pharm.  8,  425;  N.  Tr.  7,  1, 
390). — The  flowers  of  Calendula  officinalis  (Geiger,  loc.  cit.);  Tiliaf 
(Marggraf,  Pfaff  Mat.  med.  4,  92)  ;  IVopceolum  majus  (Miiller,  Ann. 
Pharm.  25,  207) ;  the  honey-dew  of  Tilia  parvifolia,  in  smaller  quan- 
tity that  of  T.  grandijlora  (Riegel,  Jahrb.  pr.  Pharm.  14,  155) ;  Crocus 
(saffron)  (Aschoff,  Berl.  Jahrb.  1818,  142).  — The  fruit  of  Areca 
Catechu  (Morin,  J.  Pharm.  81,  449) ;  Musa  j^ctradisiaca  (Boussingault, 
Phytochem.  84) ;  Anassia  sativa    (Adet,  Scher.  J.  1,   663) ;    Pyrus  malus 


*  This  and  the  corresponding  references  in  the  following  pages,  are  to  Rochleder's 
Phytochemie"  in  the  German  edition  of  Gmelin's  Handbuch,  vol.  viii, 
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(Berard,  Pliytocliem.  17) ;  Ruhus  fruticosus  (Lupp,  Ann.  Pharm.  101,  219) ; 
the  unripe  fruit  of  Citras  Aurantium  (Lebreton,  J.  Pharm.  14,  377) ; 
the  ripe  berries  of  Lonicera  Xylosteum  (Enz,  Pharm.  Viertelj.  5,  196) ; 
Juniperus  communis  (Witting,  N.  Br.  Arch.  91,  296);  Vitis  vini- 
fera  (Proust,  N.  Gehl.  2,  93;  Berard).  — The  seed  of  Amomum  Grana 
'Paradisi  (Sandrock,  N.  Br.  Arch.  73,  18) ;  Croton  Tiglium  (Pelletier  & 
Caventou,  Phytochem.  23) ;  Hura  crepitans  (Bonastre,  J.  Pharm.  10, 
479) ;  Ignatia  amara  (Pelletier  &  Caventou,  Ann.  Chim.  Phys.  10,  147) 
Bicinus  communis  (Geiger,  N.  Tr.  2,  2,  173) ;  Piper  nigrum  (Pelletier, 
Ann.  Chim.  Phys.  16,  337);  rice  (Braconnot,  Ann.  Chim.  Phys.  4,  76); 
the  seed  of  Schoenocaulon  officinale  (Pelletier  &  Caventou,  Ann.  Chim. 
Phys.  14,  69) ;  maize  (Stepf,  J.  pr.  Chem.  76,  88). 

Gum  forms  part  of  the  exuded  and  hardened  juice  of  the  stems 
of  acacia,  apricot,  cherry,  almond,  peach,  and  plum  trees,  of  the  juice 
of  the  lime  tree  (Riegel) ;  of  the  juice  of  mangold-wurzel  (Kircher, 
Ann.  Pharm.  31,  337) ;  of  the  juice  of  Bosa  ruhryfblia  (Addams,  Phyto- 
chem. 16) ;  of  the  milky  juice  of  Ficus  elastica  (Nees  v.  Esenbeck  &; 
Marquart,  Ann.  Pharm.  14,  42)  ;  Galactodendron  utile  (Solly,  Phytochem. 
75);  Platanus  occidentalis  (John,  Chem.  Schrift.  4,  7);  Lactuca  virosa 
(Pfaff  &  Link,  Mat.  mod.  6,  501) ;  hence  it  is  also  found  in  swollen  and 
hardened  milky  juice,  the  gum-resins  of  commerce,  togetlier  with  resin, 
as  in  lactucarium  (Walz,  Ann.  Pharm.  32,  85),  asafoetida  (Hlasiwetz, 
Ann.  Pharm.  71,  23),  myrrh,  incense,  sandarach,  &c.  Olibanum,  also 
a  gum-resin,  contains  a  gum  agreeing  in  properties  with  arabin. 
(Hekmeljer).--It  occurs  in  gall-nuts  (Guibourt,  Anii.  Pharm.  48,  359) ; 
in  the  manna  of  Eucalyptus  dumosa  (Anderson,  N.  Ed.  PJdl.  J.  47,  132 ; 
J.p)r.  Chem.  47,  449);  in  trehala.    (Guibourt,  Compt.  rend.  46,  1213). 

Ulceolaria  esculenta  (Kirchhoff,  Phytochem.  95),  Lecanora  Parella 
(Schunck,  Ann.  Pharm.  54,  257),  and  Parmelia  parietina  (Ilerberger, 
Bepert.  47,  179)  contain  gum. 

Enumeration  of  Gums,  whose  jjreparation  and  behaviour  with  various  re-agents  are 
described  in  the  following  places  :  1.  Gum-acajou,  the  dried  juice  of  Anacardium 
occideniale  (Trommsdorif,  N.  Tr.  22,  2,  254 ;  Ludwig,  N.  Br.  Arch.  82,  33). 
—  2.  Gum  Ammoniacum  (Braconnot,  Ann.  Chim.  68,  73).  —  3.  From  Valerian 
stalks  (Bracconot,  Ann.  Chim.  70,  288).  —-4.  Gum-bdellium  (Pelletier,  Schw. 
5,248).  —  5.  From  the  seeds  of  the  Baobab  tree,  Adansonia  digitata  (Vauquelin, 
Schw.  35,  45).— -6.  From  Catechu  {Pfaff  Syst.  d.  Mat.  med.  2,  189).— 7.  Gum- 
embavi  (Ludwig,  N.  Br.  Arch.  82,  33;  Gruner,  Pharm.  Centr.  1851,  352).—- 
8.  From  Gentian  roots,  Genfiana  lutea  (Braconnot,  J.  Phys.  84,  346).  —  9.  From 
Geoffroyabark  (Hlittenschmid,  Phytochem,  8). — 10.  From  Stag's  morel  (Biltz,  N.  Tr. 
11,  2,  3).  —  11.  From  the  bulb  and  leaves  of  the  hyacinth  (Bostock,  .V.  Gehl.  8,  573  ; 
Leroux,  Scher.  J.  7,  212;  John,  Chem.  Schrift,  6,  14).  — 12.  From  Maize  (Stepf, 
J.  pr.  Chem.  76,  92).  — 13.  From  Misletoe-berries  (Henry,  Phytochem.  47).  —  14, 
From  Myrrh  (Pelletier,  Schw.  5,  254  ;  Braconnot,  Ann.  Chim.  68,  55  ;  Hekmeljer 
Scheik.  Verhandl.  22,  167).  — 15.  Gum-opoponax  (^Pelletier,  Schw.  5,  259).— 
16.  Persian  gum  (Martius,  Ann.  Pharm.  21,  63).  — 17.  From  Spanish  pepper 
(Braconnot). — 18.  From  Rosewood  (Guibourt,  Ann.  Pharm.  9,  227).  — 19.  From. 
vSaponaria-root  (Schrader,  ^cAw.  9,  139;  Braconnot,  /.  Phys.  84,  289). —  20.  From 
Senna-leaves  (Braconnot,  /.  Phtjs.  84,  281).  —  21.  From  the  tubers  of  Sun-flowers 
Phytochem.  ^1).  — 22.  From  Tea-leaves  (Mulder,  Pogg.  43,  638).  —  23.  From 
Centaury  (Schrader,  Schw.  9,  143). —  24.  From  Juniper-berries  (TrommsdorfF, 
Phytochem.  79).  —24.  From  Frankincense  (Braconnot,  Ann.  Chim.  68,'63  ;  Hekmeljer, 
Scheik.  Verhandl.  2,  2, 167).  —25.  From  Bryony  (Phytochem.  37  ;  Brandes  &  Firn- 
haber,  N.  Br.  Arch.  3,  351). 

A  few  of  the  somewhat  better  known  gums  are  added  as  an  Appendix. 

In  thr  Animal  /uW//7o?>?.~- Cockchafers,  silk- worms,  and  the  liver  and 
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gills  of  the  craw-fisli  contain  a  gum  agreeing  in  its  properties  with 
arabiu.     (Stiidelcr,  Ann.  Pharm.  Ill,  26.) 

Formation.  From  the  isomeric  body,  Metagummic  acid. — 1.  By  bringing 
this  substance  in  contact  with  aqueous  alkalis  or  alkaline  earths.  (Neu- 
bauer,  Fremy).— 2.  By  boihng  metagummate  of  lime  with  water  (Gelis) ; 
hence  also  the  insoluble  part  of  cherry  tree  gum  is  rendered  soluble  by 
prolonged  boiling  with  water  (Guerin-Varry),  more  quickly  with 
aqueous   alkahne   carbonates.     (Fremy.)      On  the  formation  of  gum  by  the 

lactic  acid  fermentation  of  cane-sugar,  according  to  Bensch's  process  (xi,  475),  see 
Cane-sugar :  on  the  formation  of  gum  by  the  decomposition  of  tannic  acid,  see  that 
substance.  —  Hofmann  obtained  a  gum  agreeing  with  gum-arabic,  by  the  spontaneous 
decomposition  of  pyroxylin  (p.  3  75).  Gum  is  formed  by  the  continued  boiling  of  sea- 
weed mucilage  with  dilute  sulphuric  acid.  {Ed.  Phil.  J.  26,  409.) 

FrejKiration.  From  Gum-arabic.  A  solution  of  gum  prepared  with 
cold  water  and  as  concentrated  as  possible  is  mixed  with  suflScient 
hydrochloric  acid  toproduce  a  strong  acid  re-action,  and  precipitated  with 
alcohol ;  the  precipitate  is  washed  with  alcohol,  dissolved  in  water 
containing  hydrochloric  acid,  and  again  precipitated  with  alcohol ;  and 
the  resulting  precipitate  is  w^ashed  with  alcohol  till  all  the  hydrochloric 
acid  is  removed.  (Neubauer).  —  %.  A  strong  solution  of  gnm,  mixed 
with  4  or  5  p.  c.  of  hydrochloric  acid,  is  subjected  to  dialysis  until  it 
no  longer  gives  a  precipitate  Avith  nitrate  of  silver.  —  in  operating  with  a 

20  p.  c.  solution  of  gum,  the  proportion  of  ash  can  be  reduced  in  this  way  to  0*1  p.  c, 

in  5  days.— (Graham,  Phil.  Trans.  1861,  p.  214,  Chem.  Soc.  J.  15,  257; 
Ann.  Pharm.  121,  53.)    If. 

Properties.  In  the  moist  state,  a  milk-white  amorphous  mass,  which 
becomes  glassy  and  transparent  when  dry.  Keddens  litmus.  (Neu- 
bauer). Its  power  to  redden  litmus  is  comparable  to  that  of  carbonic 
acid ;  100  pts.  arable  acid  is  neutralised  by  2-85  pts.  potash.  (Graham.) 
Gum-arabic  possesses  leevo-rotatory  power  (Biot  &  Persoz) ;  for  pure 
gum  (?),  [a]  =  36°  to  the  left.  (Bechamp,  Com.pt.  rend.  51,  256.) 
On  the  colours  and  figures  of  gum-arabic  in  polaiised  light,  see  Roussin    (A''.  J.  Pharm. 

37,411) — Diffusive  power,  half  as  great  as  that  of  tannic  acid,  400 
times  less  than  that  of  chloride  of  sodium.    (Graham.) 


24  C. 
22  H 
22  O 
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at  100^ 

mean. 

.     144     .... 
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...     51-47     . 

51-52 
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Gum-arabic  or  Gum-senegal. 


Berzelius.  Prout. 
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Gugrin-Varry.  Mulder. 

a,  b,  a.  b.  c. 

C 43-81     ....     43-59     44-6       ....     44-40  ....     44-rO 

H       6-20     ....       6-23     6-1       ....       6-09  ....       6-09 

O    49-99     ....     5018     49-3       ....     49-51  ....     49-21 


100-00     ....  100-00     100-0       ....  100-00     ....  100-00 

The  analyses  of  the  gums,  with  the  exception  of  Mulder's,  were  calculated  according 
to  the  old  atomic  weight  of  carbon.  —  Guerin-Varry  analysed  gums  dried  at  125°,  a. 
gum-arabic,  b.  gum-senegal.  Mulder,  gums  dried  at  130°  ;  a.  gum-arabic,  b.  gum- 
Senegal,  c.  Java  gum.     The  other  analyses  relate  to  the  substance  dried  at  100°. 

The  earlier  formulse  were  deduced  from  the  analyses  of  gum-arabic ;  for  air-dried 
gum,  C^H504  (Ure)  ;  gum  dried  at  100°,  Ci^HieQis  (Prout),  Cishiiqh  (Berzelius, 
Liebig),  gum  dried  at  125°,  C^^Hioo^"  (Guerin-Varry,  Mulder).  Gum-arabic  dried  at 
100°  gives  off  1  at.  water  at  120°,  and  is  then  C'^H^^Oio  (Gelis).  —  On  the  specific 
gravity  of  gum-arabic,  and  the  amount  of  ash  which  it  yields,  see  Arabate  of  Lime. 

Decompositions.  1.  Arabic  acid,  which  in  the  moist  state  dissolves 
readily  in  water,  becomes  insoluble  after  drying  at  mean  temperature, 
or  at  100°,  and,  when  water  is  poured  upon  it,  swells  up  to  a  jelly,  like 
frog-spawn.  (Neubauer,  Graham.)  Doubtless  in  consequence  of  the  forma- 
tion of  metagummic  acid  (Kr.).  Gum-arabic  dried  at  120°  becomes  inso- 
luble, but  without  loss  of  water  when  heated  for  some  time  to  150° 
(Gelis^,  being  converted  into  metagummate  of  lime  (Fremy).  Gum- 
arabic  roasted  with  oxalic  acid  yields  oxalate  of  lime  and  metagummic 
acid  (Fremy).  Arabic  acid  heated  for  some  time  to  170°,  gives  off 
3*17  p.  c.  of  its  weight  and  turns  yellowish  brown  (Neubauer). 

Gum-arabic  turns  yellow  between  135°  and  140°,  becomes  darker 
as  the  temperature  rises,  gives  off,  between  166°  and  180°,  the  empy- 
reumatic  odour  of  burnt  sugar,  then  assumes  a  brown  colour,  and  be- 
comes partially  insoluble  in  water  (Mulder).  After  drying  at  100°, 
it  loses  2*6  p.  c.  of  its  weight  when  heated  to  150""  —  177°,  and  turns 
brown  (Front),  at  the  same  time  producing  an  acid.  (Vaudin,  /. 
Fharm.  9,  193.) 

Gum-arabic  yields  by  dry  distillation  a  gaseous  mixtm-e,  consisting 
of  carbonic  acid,  hydrogen,  carbonic  oxide  and  hydrocarbons,  a  distil- 
late of  empyreumatic  acetic  acid,  and  a  residue  of  charcoal  mixed  with 
carbonate  of  hme,  and  a  little  phosphate  (Cruikshank).  100  pts.  gum 
yield  53-9  pts.  of  a  thick  brown  distillate  less  acid  than  that  obtained 
from  sugar,  and  leave  28*6  pts.  of  charcoal  and  ash.  (YauqueUn,  Bull. 
Fharm.  3,  49.) 

2.  When  dry  air  at  14°  is  passed  over  gum-arabic,  a  large  quan- 
tity of  carbonic  acid  is  formed.  (Karsten,  Berl.  Akad.  Ber.  Jan.  1860 ; 
J.pr.Chem.  79.  226.) 

3.  The  aqueous  solution  of  gum  turns  acid  on  standing  (only  when 
air  has  access  to  it,  according  to  Guerin-Varry),  and  after  a  very  long 
time  produces  a  pecuhar  sugar,  which  turns  the  plane  of  polarisation 
of  a  luminous  ray  to  the  right,  \  less  than  grape-sugar,  and  does  not 
form  mucic  acid  with  nitric  acid  (Fermond,  Berthelot  Chim.  org.  2,  250). 
According  to  Maumene  {Compt.  rend.  39,  914;  J.  pr.  Chem.  64,  147)  it 
does  not  change  either  at  ordinary  or  at  higher  temperatures,  and  pre- 
serves its  rotatory  power  unaltered  for  months. 

4.  When  oil  of  vitriol  is  covered  with  a  layer  of  very  strong  solution 
of  gum,  the  giun,  after  standing  for  some  hours,  is  completely  con- 
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verted  into  metagiimniic  acid.  (Fremy.)  Gum-arabic  previously  freed 
from  lime  by  oxalic  acid  is  not  converted  into  metagummic  acid  under 
these  circumstances  (Fremy).  —  When  pulverised  gum-arabic  is  tritu- 
rated witli  oil  of  vitriol,  it  becomes  coloured,  after  some  hours  ;  and  on 
diluting  with  water,  neutralising  with  chalk,  then  filtering  the  solu- 
tion, and  evaporating,  sulphogummic  acid  remains,  together  with  a 
}iecuhar  gum  resembling  that  which  is  produced  from  linen  by  the 
action  of  sulphuric  acid  (Braconnot),  and  not  capable  of  fermenting 
with  yeast  (Guerin-Varry).  Gum  heated  with  oil  of  vitriol,  becomes 
carbonised,  and  forms  water  together  with  traces  of  acetic  acid  (Proust, 
A.  GeliL  3,  43),  artificial  tannin  (Hatchett),  and  malic  acid  (Link). 

The  aqueous  solution  of  gum-arabic,  when  left  to  stand  for  some 
time  in  contact  with  dilute  sulphuric  acid;  loses  its  laevo-rotatory 
power — more  quickly  when  heated  or  boiled  with  the  acid — and,  if  the 
temperature  be  gradually  raised  to  96"^,  quickly  acquires  dextro-rota- 
tory power,  which  remains  unaltered  after  prolonged  boiling.  At  the 
moment  when  the  rotatory  power  changes  from  left  to  right,  the 
solution  contains  gum-dextrin,  precipitable  by  alcohol,  resembhng  gum- 
arabic  when  dry,  yielding  mucic  acid  with  nitric  acid ;  but  after  boihng 
for  some  time,  it  is  no  longer  i3recipitable  by  alcohol,  and  then  con- 
tains a  fermentable  sugar  (Biot  &  Persoz) ;  probably  identical  with 
galactose,  the  product  obtained  from  milk-sugar  by  the  action  of  acids. 
(Berthelot,  Chim.  org.  2,  219.) 

The  acid  mixture  of  gum-mucilage  and  dilute  sulphuric  acid,  if  left 
to  cool  before  it  ceases  to  be  precipitable  by  alcohol,  deposits  flocks 
containing  gum-dextrin  mixed  with  gypsum.  If  the  former  be  re- 
moved by  washing  with  acidulated  water,  and  the  latter  by  boiling 
with  dilute  soda-solution  and  subsequent  washing  with  acidulated 
water,  the  flocks  dissolve  at  the  moment  when  all  the  acid  is  removed, 
forming  an  optically  inactive  mucilage.  (Biot  &  Persoz,  Ann.  Chim, 
Phys.  2,  249.) 

5.  When  gum-arabic  is  heated  with  water,  bicarbonate  of  potash, 
and  iodine,  iodoform  is  produced.  (Millon,  Compt.  rend.  21,  828 ;  J. 
pr.  Chem.  37,  53.)  Iodine  does  not  colour  gum-arabic  (Ludwig); 
aqueous  iodic  acid  decomposes  it  at  the  boiling  heat. 

6.  Powdered  gum  absorbs  chlorine  gas,  with  evolution  of  carbonic 
acid,  turning  brown  and  deliquescing  to  a  compound  of  decomposed 
gum,  with  hydrochloric  acid.  (Bouillon-Lagrange  &  Vogel.)  —  Gum 
re-acts  with  chlorine,  either  moist  or  dry,  exactly  like  starch  (p.  83), 
(Liebig).  Chlorine  gas  passed  through  the  aqueous  solution,  appears 
to  form  citric  acid  (Vauquelin).  Guerin-Varry  and  Simonin  were  not 
able  to  find  this  acid.  —  When  chlorine  gas  is  passed  for  some  time 
through  a  dilute  solution  of  gum,  the  liquid,  after  standing  for  some 
time,  deposits  white  flocks,  which  have  an  acid  re-action,  even  after 
washing,  smell  like  chlorine,  and  contain  chlorine,  nitrogen,  and  gnun 
(Guerin-Varry).  When  a  gum-solution  saturated  by  the  prolonged 
passage  of  chlorine  is  neutralised  with  chalk,  and  the  filtrate  evapo- 
rated to  a  syrup  is  mixed  with  alcohol,  a  pasty  lime-salt  soluble  in 
water  is  precipitated,-  whereas  on  supersaturating  with  hydrate  of 
lime,  an  insoluble  Ume-salt  is  obtained.  The  latter,  decomposed  with 
sulphuric  acid,  yields  a  peculiar,  non-crystaUisable  acid,  v»'liose  solution 
is  precipitated  by  neutral  acetate  of  lead,  but  not  by  nitrate  of  silver. 
(Simonin,  Ann.  Chim.  Phys.  50,  319.) 
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7.  Powdered  gum  absorbs  hyrochloric  acid  gas  and  deliquesces 
to  a  soft  brown  mass,  from  which  sulphuric  acid  eliminates  hydro- 
chloric acid.  (Bouillon-Lagrange  &  Vogel.)  Fuming  hydrochloric 
acid  dissolves  gum  with  brown  colour,  and  separates  carbonic 
acid  on  cooling.  The  solution,  after  being  neutralised  with  ammonia, 
leaves  on  evaporation  a  residue  which  is  soluble  in  alcohol,  melts  when 
lieated,  and  smells  hke  burnt  sugar.     (Fourcroy.) 

8.  Gum  immersed  in  fuming  nitric  acid  is  converted  into  xyloidin 
(Braconnot),  nitro-gum  (Bechamp) ;  when  immersed  in  nitrosul2)huric 
acid,  it  is  converted  into  an  explosive  substance  resembling  pyroxyhn 
(Flores-Domonte  &  Menard,  Svanberg)  ;  into  binitro-gum  (Bechamp.) 
—  Gum  heated  with  moderately  concentrated  nitric  acid,  is  decom- 
posed, with  formation  of  mucic  acid  (Fourcroy  &  Vauquelin),  saccharic 
acid  (Guerin-Varry),  oxalic  and  tartaric  acids.  (Liebig,  Ann.  Pharm. 
113,  4.) 

a.  When  1  pt.  gum  is  triturated  in  a  cooled  mortar  with  3  pts. 
fuming  nitric  acid,  and  after  complete  solution,  the  still  gummy  liquid 
is  diluted  with  20—30  pts.  water,  a  precipitate  is  formed  consisting  of 
dextro-rotatory  nitro-gum  C^2H^0^N0^  which,  after  washing  and 
drying,  cakes  together  into  a  horny  mass,  and  dissolves  in  alcohol  of 
90  p.  c,  whence  it  is  obtained  as  a  white  mass  which  becomes  electric 
by  friction.  (Bechamp.)  —  When  a  solution  of  1  pt.  gum  in  5  pts. 
fuming  nitric  acid  is  precipitated  by  3  pts.  oil  of  vitriol,  and  the  cake  is 
comminuted  and  suspended  in  20 — 30  vols,  water,  a  hard  precipitate  is 
obtained  which  remains  pulverulent  after  drying,  and  yields  to  alcohol 
95  p.  c.  of  dextro-rotatory  binitro-gum,  C^2ji808,2N0S  whilst  another 
compound  remains  dissolved.  (Bechamp,  Compt.  rend.  51,  256. —  See 
also  Flores-Domonte  &  Menard,  Compt.  rend.  24,  89;  N.  J.  Pharm.  12,  159;— Svan- 
berg, Berzel.  Jahresber.  27,  394; — Reinsch,  Jahrh.pr.  Pharm.  481,  102.) 

h.  Gum-arabic  heated  with  an  equal  weight  of  nitric  acid  of  sp.  gr. 
1-34  is  but  partially  decomposed ;  with  two  parts  of  the  acid,  it  is  de- 
composed, with  formation  of  saccharic  acid ;  heated  with  4  pts.  nitric 
acid,  it  yields  16*88  p.  c.  mucic  acid  and  a  small  quantity  of  oxalic  acid; 
with  6  pts.  or  more  of  nitric  acid,  a  smaller  quantity  of  mucic  but  a 
larger  quantity  of  oxahc  acid  is  obtained.  (Guerin-Varry.)  Respecting 
the  formation  of  tartaric  acid,  see  Milk -sugar.  The  saccharic  acid  produced  at  the 
same  time  (xi.  513)  was  formerly  mistaken  for  malic  acid. —  Gum-arabic,  which  is 
Isevo-rotatory,  becomes  dextro-rotatory  under  the  influence  of  nitric 
acid  (and  indeed  by  the  action  of  dilute  acids  in  general),  this  power, 
however,  becoming  weaker  as  the  oxidising  action  of  the  nitric  acid,  and 
the  formation  of  mucic  acid  begin  and  advance.  The  liquid  now  acquires 
Isevo-rotatory  power  equal  to  that  which  the  gum-arabic  originally 
possessed,  then  exhibits  indications  of  the  presence  of  oxalic  acid,  and 
again  loses  part  of  its  Isevo-rotatory  power,  without  however  becoming 
quite  inactive,  inasmuch  as  a  leg vo -rotatory  substance  remains  dissolved 
in  the  mother  liquors.  Hence  the  mucic  acid  appears  to  be  formed 
from  a  dextro-rotatory,  the  oxahc  acid  from  a  lajvo-rotatory  substance 
contained  in  the  gum.     (Dubrunfaut,  Compt.  rend.  42,  232.) 

9.  Gum  heated  in  sealed  tubes  with  bromine,  yields  a  colourless 
or  yellowish  liquid,  probably  C^^rP^^O^oBr',  which^  when  treated  with 
oxide  of  silver,  oxide  of  lead,  or  caustic  soda,  is  converted  into 
isohiglucolethylmiQ  acid  C^Ii^^'O^-.     (Barth  &  Hlasiwetz :  see  p.  232). 


ARABIC  ACID   AND   GUM-ARABIC.  201 

10.  By  gaseous  fluoride  of  boron  gum  is  slowly  liquefied,  without 
blackening'.  (Berthelot,  iV. -4m«.  Chim.  Phys.  38,  38.)  — 11.  Gum  on 
which  warm  aqueous  arsenious  acid  is  poured,  turns  brown,  perhaps  with 
formation  of  sugar.  (Baumann,  N.  Br.  Arch.  37,  50.) — 12.  Heated 
for  some  time  with  aqueous  osmic  acid,  it  yields  oxalic  acid,  probably 
also  acetic  acid,  and  a  substance  precipitable  by  basic  acetate  of  lead. 
(Buttlerow,  J.  pr.  Chem.  56,  276.) 

13.  Gum  heated  to  150°  with  aqueous  ammonia,  is  converted  into  a 
brown  nitrogenous  mass,  resembhng  that  which  is  produced  under 
similar  circumstances,  from  starch  (p.  87).  (Schiitzenberger.)  — 14. 
Heated  with  4 — 5  pts.  hydrate  of  potash  and  a  small  quantity  of 
water,  it  is  decomposed,  with  formation  of  oxalate  of  potash  (Gay- 
Lussac),  also  of  carbonate,  formiate,  acetate,  and  propionate  of  potash, 
with  the  same  appearances  as  are  observed  in  the  corresponding- 
decomposition  of  starch  or  of  cane-sugar  (Gottlieb;  see  vii.  135  ;  xv.  88; 
'dXso  Cane-sugar). — 15.  By  the  diy  distillation  of  powdered  gum  with 
8  pts.  (plicJdime,  an  oily  distillate  is  produced  containing  acetone  (ix.  1.) 
and  a  small  quantity  of  metacetone.     (Fremy,  Ann.  Chim.  Phys.  59,  6.) 

16.  Aqueous  gum-solution  mixed  w^ith  a  small  quantity  of  nitrate 
of  silver,  reddens  immediately  in  sunshine,  gradually  in  diffused  day- 
light, and  gradually  deposits  metaUic  silver.  (Rouchas,  J.  Pharm. 
17,  116;  N.  Tr.  24,  2,  187).  — 17.  A^qy^QOWs  ferricyanide  of  potassium, 
in  presence  of  free  alkali,  oxidises  gum  to  carbonic  acid  and  water,  but 
less  quickly  than  cane-sugar.  (Wallace,  Chem.  Soc.  Qu.  J.  7,  77 ;  /.  pr. 
Chem.  64,  77.) 

18.  Gum-solution  does  not  ferment  in  contact  with  yeast  (Cruik- 
shank),  it  is  not  altered  by  the  saliva  or  the  gastric  juice.  (Frerichs ; 
Blondlot,  Handh.  Zoochemie,  Viii,  577.)  Gum  left  in  contact  with 
cheese  and  chalk  in  a  warm  place,  yields  alcohol  and  a  small  quantity  of 
lactic  acid,  without  previous  formation  of  yeast,  but  neither  mannite 
nor  glycerin.  (Berthelot,  -N.  Ann.  Chim.  Phys.  50,  365). 

Combinations.  With  Water.  —  xiir-dried  gum-arabic  contains  water, 
which  escapes  in  vacuo,  or  when  the  gum  is  heated.     For  further  details, 

see  Ar abate  of  Lime  (p.  201). 

Moist  arable  acid  dissolves  readily  in  water,  forming  a  solution 
which  is  not  precipitated  by  alcohol  unless  the  arable  acid  contains 
mineral  acids  or  salts.  A  drop  of  nitric  acid,  hydrochloric  acid,  or 
solution  of  common  salt  added  to  the  solution  mixed  with  alcohol,  pro- 
duces complete  precipitation.  (Neubauer).  Similar  appearances  are  pre- 
sented by  the  mucilage  of  Gummi  arabiaim  electum,  when  it  is  mixed  with  twice  its 
volume  of  alcohol  of  76  vol.  p.  c.  A  drop  of  hydrochloric  acid  or  solution  of  com- 
mon salt  produces  coagulation ;  a  larger  quantity  of  either  liquid  dissolves  the  whole. 
With  other  sorts  of  gum-arabic,  alcohol  likewise  produces  coagulation  which  disappears 
on  addition  of  hydrochloric  acid.  (Ludwig,  N.  Br.  Arch.  82,  155).  According  to 
other  statements,  gum -mucilage  is  precipitated  by  alcohol,  even  if  it  contains  only 
Jy  p.  c.  of  gum.     (See  also  Preparation  of  arabic  acid,  p.  197.) 

The  aqueous  solution  of  gum-arabic  or  gum-senegal  is  called 
Mucilage  {Miicilago,  Gummischleim).  It  is  more  or  less  viscid,  glutinous, 
transparent  or  translucent,  colourless  to  pale  yellowish  brown.  100  pts. 
of  water  at  15°  dissolve  100  pts.  of  gum-arabic;  at  100°,  from  108  to 
116  pts.  (Herberger);  of  gum-senegal,  100  pts.  water  dissolve  72  pts. 
at  15%  and  96  pts.  at  100°  (Herberger):  according  to  Guerin-Yarry, 
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18-5  pts.  at  20%  and  24-14  pts.  at  100°.  —Mucilage  is  thickened  by 
borates^  not  by  free  boracic  acid,  or  free  alkali ;  acids  restore  the 
fluidity  (Schiller,  Berl  Jahrb.  1808,  186  ;  Buchholz,  Taschenh,  1811,  288  ; 
Lambert  &  Gresecke,  Schiv.  43,  491 ;  Vogel,  Br.  Arch.  17,  50  ;  Herber- 
ger  ;  Ludwig),  Mucilage  is  precipitated  by  sulphate  of  soda  (Barreswil, 
N.  J.  Pharm.  17,  124)  ;  clouded  and  precipitated  in  white  flocks  by  silica- 
solution.  (Thomson,  Herberger),  not,  according  to  Guerin-Varry. — 
Aqueous  ferric  sulphate  causes  mucilage  to  coagulate  to  a  jelly  (Bra- 
connot),  an  effect  hkewise  produced  by  ferric  chloride.  Gum-solution 
mixed  with  a  small  quantity  of  a  ferric  salt  is  not  precipitated  by 
alkalis.     (Rose.) 

With  Bases.  Arabic  acid  unites  with  alkalis  and  alkaline  earths, 
forming  arabates,  which  are  precipitated  from  their  aqueous  solutions 
by  alcohol.  It  decomposes  alkahne  carbonates,  and  expels  the  carbonic 
acid.     (Neubauer.) 

Ar abate  of  Potash.  Precipitated  by  alcohol  from  the  solution  of 
arabin  in  potash-ley  free  from  carbonic  acid.     (Neubauer.) 

at  100^  Neubauer. 

36  C  216-0  ....  40-52  ....  40-24 

30  H  80-0  ....  5-63  ....   5-72 

30  O   240-0  ....  45-03  ....     44-80 

KO    47-2  ....  8-82  ....       9-24 

3Ci2Hioo^KO    533-2     ....  100-00    ....  100-00 

So  according  to  Neubauer. 

Submitted  to  dialysis,  it  loses  potash,  arabic  acid  remaining  with 
an  acid  re-action.     (Graham.) 

Ar  abate  of  Baryta. — From  the  solution  of  arabic  acid  in  excess  of 
baryta-water,  alcohol  throws  down  a  precipitate  containing  17*62  p.  c. 
baryta.  If  excess  of  arabic  acid  is  present,  the  precipitate  contains 
from  10-93  to  11-15  p.  c  baryta,  and  dissolves  in  water  forming  a 
gummy  liquid.     (Neubauer.) 

at  100".  Neubauer. 

24  C 144-0  ....  36  ....     3663 

20  H    20-0  ....  5  ....       5-16 

20  O    160-0  ....  40  ....     40-59 

BaO    76-5  ....  19  ....     17-62 

2Ci2Hiooio,BaO 400-5     ....  100     ....  100-00 

Arabate  of  Lime. — Gum  arabic  forms  with  lime  a  compound  which  is  decomposed 
by  the  carbonic  acid  of  the  air  (Kuhlmann,  Ann.  Pharm.  27,  22)  and  deposits  pen1;ahy- 
drated  carbonate  of  lime.  (Pelouze,  Ann.  Chim.  Phys.  48,  307.)  The  solution  exposed 
to  the  current  of  the  voltaic  battery  deposits  hydrated  carbonate  of  lime  with  the  same 
appearances  as  a  solution  of  lime  in  sugar.  (Becquerel,  Ann,  Chim.  Phys.  A7,  12.) 
a.  When  aqueous  arabic  acid  is  mixed  with  excess  of  an  ammo- 
nical  solution  of  chloride  of  calcium,  and  alcohol  added,  a  precipi- 
tate is  obtained,  which  after  drying  at  100°,  has  the  composition 
Ci2Ipooio,CaO  +  2Ci2H>^O^i  (Hekmeljer).— ^».  When  arabic  acid  is  boiled 
with  water  and  excess  of  milk  of  lime,  alcohol  throws  doAvn  from  the 
strongly  alkalme  filtrate,  a  gummy  precipitate  which  contains  8-51  p.  c. 
lime  and  absorbs  carbonic  acid  from  the  air.  (Neubauer). — c.  By  dis- 
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solving  arable  acid  in  lime-water  and  precipitating  with  alcohol,  a  pre- 
cipitate is  formed  which  contains  2*95  p.  c.  lime,  and  dissolves  in 
water,  forming  an  alkahne  mucilage.  If  a  smaller  quantity  of  lime- 
water  be  used,  the  precipitate  contains  from  2*14  to  2"55  p.  c.  lime, 
and  has  an  acid  or  neutral  rc-action. 


24  C 

According  to  b, 
144     ....     40-90 

Neubauer. 
at  100°. 
....     40-45 

20  H     

20     ....       5-68 

570 

20  0    

160     ....     45-47 

....     45-34 

CaO    

28     ....       7-95 

....       8-51 

2  C^^HioO^",CaO    .. 

352     ....  100-00 

....  100-00 

72  C 

According  to  C. 
.    ..  .     432     ....     43-2     . 

Neubauer. 
at  100°. 
...     43-07 

60  H  

60     ....       6-0     . 

...       6-35 

60  O  

480     ....     48-0     . 

...     47-63 

CaO  

28     ....       2-8     . 

...       2-95 

6  C^2Hiooio,CaO .., 

1000     ....  100-0     . 

...  100-00 

The  gum-arabic  and  gum-senegal  of  commerce  consist  essentially 
of  arabate  of  lime  mixed  with  arabate  of  potash ;  hence  when  burnt, 
they  leave  about  3  per  cent,  of  ash  consisting  for  the  most  part  of 
carbonate  of  potash  and  carbonate  of  hme.  —  Sp.  gr.  of  gum-arabic  = 
1*355  (Guerin-Varry),  l-49(Herberger):  of  gum-senegal,  1-43  (Guerin- 
Varry),  1-62  (Herberger).  Reddens  litmus.  In  the  air-dried  state,  it 
contains  from  12*4  to  17  p.  c.  hygroscopic  water  which  escapes  when 
the  gum  is  heated  (see  also  Gelis,  p. 198.  On  the  composition  of  the  ash  of  gum- 
arabic,  see  Lowenthal  &  Hausraann,  Ann.    Pharm.  89,  112).      Alcohol    extracts 

from  gum-arabic  or  gum-senegal,  0*4  —  0-5  p.  c.  glucose.     (Ludwig 
N.  Br.  Arch.  82,  39.) " 

Arabate  of  Lead. — Basic  acetate  of  lead  added  to  aqueous  arabin 
throws  down  a  white  precipitate  which  contains  30*64  p.  c.  oxide 
of  lead,  turns  yellow  at  100°,  brown  between  160°  and  180°,  and 
after  prolonged  washing,  still  retains  27  p.  c.  oxide  of  lead.  (Neu- 
bauer.) 

at  100°.  Neubauer. 

36  0 216-0  ....  30*46  ....     30-88 

30  H 300  ....  4*23  ....       4-33 

30  0 240-0  ....  33-85  ....     3415 

2  PbO     223*4  ....  31*46  ....     3064 

3  C>2HioOio,2PbO     ....     709-4     ....  100*00     ....  100*00 

Gum-mucilage  dissolves  oxide  of  lead  (Peschier,  J.  Pharm.  3,  509), 
forming  a  heavy,  coherent  compound  (Berzelius).  Gum-mucilage  is 
not  precipitated  by  neutral  acetate  or  nitrate  of  lead,  but  the  basic 
acetate  or  basic  nitrate  produces  a  copious  white  precipitate  [the 
basic  acetate  even  in  very  dilute  solutions  (StJideler,  Ann.  Pharm.  Ill, 
26)].  a.  When  the  mucilage  is  mixed  with  basic  acetate  or  nitrate  of 
lead,  or  when  nitrate  of  lead  is  added  to  slightly  ammoniacal  mucilage 
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till  the  alkaline  re-action  disappears,  but  not  till  the  whole  of  the  gum 
is  precipitated  ;  the  curdy  precipitate,  which  is  very  friable  when  dry, 
contains  38*25  p.  c.  oxide  of  lead  (Berzehus,  Lelirh.  3  Aufl.  6,  400)  from 
37-9  to  38-1  p.  c.  (Riegel,  N.  Br.  Arch.  55,  155).  When  mucilage  is 
dropped  into  an  excess  of  basic  acetate  of  lead,  the  precipitate,  after 
drying  at  130°,  contains  37*27  p.  c.  oxide  of  lead,  but  when  the 
basic  acetate  is  added  to  excess  of  mucilage,  the  precipitate  contains 
30*15  p.  c.     (Mulder.) 

Arahate  of  Copper.  —  From  an  aqueous  solution  of  arabin  mixed 
with  acetate  of  copper,  alcohol  throws  down  a  precipitate  of  the 
formula  C^°I1^«0^  CuO  +  C^^H^O"  (Hekmeljer).— When  aqueous  gum- 
arabic  is  mixed  with  potash-ley,  and  then  with  sulphate  of  copper,  a 
blue  precipitate  is  formed,  which  is  insoluble  in  pure  water,  and  does 
not  blacken  even  at  the  boihng  heat.     (Trommer,  Ann.  Pharm.  39,  360.) 

The  sky-blue  precipitate  is  permanent  in  the  air,  turns  brown  after 
immersion  for  some  time  in  boihng  water,  and  after  drying  in  vacuo, 
contains  40*2  p.  c.  cupric  oxide.  (Lassaigne,  J.  chim.  mkl.  182,  41 G.) 
When  gum-mucilage  is  mixed  with  a  small  quantity  of  sulphate  of 
copper,  then  with  excess  of  potash-ley,  and  slightly  warmed,  an  azure- 
coloured  solution  is  formed,  which  remains  clear  and  blue  when 
boiled.  If  the  gum  contains  sugar  (which  can  be  extracted  by  alcohol), 
the  protoxide  of  copper  is  reduced  to  dioxide  (Ludwig,  N.  Br.  Arch. 
82,  157).  —  When  gum-mucilage  is  boiled  for  a  long  time  with 
aqueous  cupric  acetate,  a  brown  precipitate  separates,  and  the  filtrate 
after  standing  for  a  while  deposits  red  cuprous  oxide.  (Peschier,  J. 
Pharm.  3,  509.)  —  Gum  dissolves  in  aqueous  cuprammonia  (Cramer,  J. 
2)r.  Chem.  73,  15),  and  when  added  to  a  solution  of  cellulose  in  that 
liquid  precipitates  the  cellulose  completely.  (Schlossberger,  Ann. 
Pharm.  107,  24.) 

Gum-solution  dissolves  meixurous  and  mercuric  oxide.  (Peschier,  J. 
Pharm.  3,  509.)  It  forms  a  white  precipitate  with  mercurous  nitrate, 
but  does  not  precipitate  mercuric  salts  or  terchloride  of  gold  (Pfaff ). 
It  is  not  precipitated  by  infusion  of  galls  (Pfaff).  —  Concentrated 
gum-mucilage  is  not  precipitated  either  by  indigo  or  by  carmine. 
Maschke,  J.  pr.  Chem.  76,  47.) 

Arabic  acid  and  gnim-arabic  are  insoluble  in  alcohol  and  in  ether. 
Alcohol  frees  gum-arabic  from  foreign  substances.  —  Glycerin  dissolves 
gum-arabic  (Cap  &  Garot,  N.  J.  Pharm.  26,  81). 

^  With  Gelatin.  —  On  mixing-  solutions  of  arable  acid  and  gelatin, 
oily  drops  are  precipitated  which  solidify  to  a  nearly  colourless  jelly 
by  standing.  This  compound  melts  at  25°.  It  may  be  washed  with 
water  without  decomposition,  but  is  slightly  soluble  in  warm  water, 
more  so  in  solution  of  gelatin.  The  oily  drops  and  the  jelly  contain 
83*5  p.  c.  water.  Prepared  with  excess  of  arable  acid,  and  dried  at 
100°,  it  contained  100  pts.  arable  acid  to  59  pts.  gelatin.  Solution  of 
gelatin  is  not  precipitated  by  solution  of  unpurified  gum,  or  by  solu- 
tion of  arabate  of  potash.  (Graham,  Phil.  Trans.  1861,  p.  215  ;  Cher.i, 
Soc.  Qu.  J.  15,  258  ;  Aim.  Pharm.  121,  57).     IT 
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Appendix  to  Arabic  Acid  and  Gum. 

1.  Gum  from  Gamhoge. —  When  gamboge  is  exhausted  with  ether 
and  absohite  alcohol,  the  residue  boiled  with  water,  concentrated 
and  precipitated  by  water,  a  gummy  precipitate  is  obtained,  which 
may  be  freed  from  colouring  matter  by  washing  with  alcohol.  —  After 
drying  at  110°  and  trituration,  it  forms  a  pale  yellow  powder,  contain- 
ing 44-47  p.  c.  C,  6-16  H.,  and  49-37  0.,  therefore  C^^ff^O^^  —  With 
nitric  acid,  it  yields  mucic  acid,  and  with  dilute  sulphuric  acid,  after 
12  hours*  boiling',  a  red-browni,  very  sweet,  non-fermentable  sugar. 
(Buchner,  Ann.  Pharm.  45,  89.) 

2.  Gum  from  Ipecacuanha  roo^.— The  decoction  of  the  root  is  freed 
from  phosphoric  acid  by  precipitation  with  neutral  acetate  of  lead  ;  the 
liltrate  is  precipitated  with  basic  acetate  of  lead,  the  washed  precipi- 
tate is  suspended  in  water  and  decomposed  by  sulphuretted  hydrogen ; 
tlie  hquid  filtered  from  the  sulphide  of  lead  is  concentrated  to  half  its 
])ulk;  and  the  gum  is  precipitated  with  alcohol  of  98  p.  c.  It  contains 
44-4o  p.  c.  C,  6-31  II.,  and  49-24  0.  (Willigk,  Wien.  Ahad.  Ber.  5, 
190.) 

3.  Gum  from  fermented  Mangold-ivurzel  Juice.  —  The  juice  is  preci- 
pitated w4th  alcohol ;  the  precipitate  washed  and  dissolved  in  water ; 
the  solution  precipitated  with  basic  acetate  of  lead ;  the  precipitate 
decomposed  under  water  with  sulphuretted  hych-ogen;  and  the  filtrate 
evaporated  to  dryness  over  the  water-bath.  —  Transparent,  vitreous, 
scarcely  coloured  mass,  resembling  gum-arabic.  Contains  40-89  p.  c. 
(^,  6-10  H.,  and  53-01  0.     (Kircher,  Ann.  Pharm.  31,  337.) 


Metagummic  Acid. 

A.  Gelis.     Compt.  rend.  44,  144;  N.  J.  Pharm.  31,  216  ;  J.  pr.  Chem. 

71,  378. 
Fremy.    Compt.  rend.  50,  124 ;  N.  J.  Pharm.  37,  81 ;  abstr.  Chem.  Centr, 

1860,  607. 

See  page  193. 

Perhaps  a  pectons  modification  of  arable  acid.     (Graham). 

The  acid  in  combination  with  lime  forms  Cerasin,  the  constituent  of 
cherry,  plum,  apricot,  peach,  and  almond  tree  gum,  which  is  insoluble 
in  water,  and,  according  to  Fremy  and  Gehs,  is  identical  with  the 
insoluble  compound  formed  from  g-um-arabic. 

Cherry  tree  gum  is  a  mixture  of  arabin  and  cerasin  in  variable  pro- 
portions (Schmidt);  it  contains  34*9  p.  c.  cerasin,  52-1  p.  c.  arabin,  and 
from  1  to  3  p.  c.  ash  and  water.  (Guerin-Varry.)  Gummi  Cerasorum 
boiled  with  water  leaves  a  residue  of  bassorin-jelly,  whereas  Gummi 
Persicorum  dissolves  almost  completely.  Both  contain  a  certain  quan- 
tity of  glucose,  tlie  latter  also  tannic  acid.  (Ludwig,  N.  Br.  Arch.  82, 
152).  Almond  tree  gum  is  almost  wdioUy  soluble  in  water.    (Landerer, 
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Repert.  56,  82.)  —  The  gum  of  the  cherry  tree  and  of  the  other  treeR 
above-mentioned  exhibits  the  same  composition,  nearly  agreeing  with 
the  formula  C^^^ffoQ^"  (Guerin-Varry).  When  cherry  tree  gum  is 
evaporated  with  water  and  hydrochloric  acid,  alcohol  added  to  the 
solution,  which  has  become  mobile,  throws  down  a  gum  containing 
44-26  p.  c.  C,  6-27  H.,  and  49-47  0.,  therefore  C^^H^°0^  (Schmidt, 
Ann.  Pharm.  51,  38.) 

Formation  and  Preparation.  1.  When  oil  of  vitriol  is  covered  with 
a  layer  of  a  syrupy  solution  of  gum-arabic,  the  gum  is  converted  into 
metagummic  acid,  which  may  be  removed,  washed  and  dried  (Fremy). 
—  2.  Gum-arabic  heated  for  some  time  to  150°  becomes  insoluble  in 
water  (Gehs),  and  is  converted  into  metagummate  of  lime.  (Fremy,  see 
pp.  194,  198.) — 3.  Gum-arabic  undergoes  the  same  transformation  when 
roasted  with  oxalic  acid.  (Fremy.)  —  4.  ^eubauer's  arabin  is  ren- 
dered insoluble  in  water  by  drying,  doubtless  from  conversion  into 
metagummic  acid. 

Oerasin  is  obtained  from  cherry  tree  gimi  by  dissolving  out  the 
arabin  with  water,  at  20°,  and  drying  the  undissolved  portions  over 
the  water-bath.  As  thus  prepared  it  is  a  colourless,  semi-transparent, 
very  friable  mass,  which  contains  8-4  p.  c.  water  and  leaves  1  p.  c.  ash. 
It  swells  up  in  cold  water  without  dissolving.  (Guerin-Varry,  Ann. 
Chim.  Phys.  49,  274.) 

Metagummic  acid  prepared  from  gum-arabic  with  oil  of  vitriol 
contains  on  the  average,  40-96  p.  c.  C,  6*02  H.,  and  53*02  0.  (Fremy.) 
Its  formula  is  C^^II^O",  as  appears  from  Neubauer's  analysis  of  ara- 
bin (more  correctly,  that  of  metagummic  acid.     Kr.  see  page  197.) 

Metagummic  acid  is  not  altered  by  boiling  with  water,  but  when 
boiled  with  alkab'ne  water,  or  with  a  small  quantity  of  lime,  it  is  con- 
verted into  an  arabate  of  the  alkali  or  of  lime.  (Fremy.)  In  like 
manner,  natural  cerasin — in  so  far  as  it  contains  lime— (Guerin-Varry) 
and  metagummate  of  lime  obtained  by  heating  gum-arabic  (Gelis),  are 
dissolved  by  boiling  with  water.  Natural  cerasin  likewise  dissolves 
more  easily  when  boiled  with  water,  after  addition  of  an  alkaline  car- 
bonate, and  with  separation  of  carbonate  of  lime.  (Fremy.)  —  Cerasin 
boiled  with  nitric  acid  of  sp.  gr.  1*139  yields  as  much  mucic  acid  as 
gum-arabic.     (Guerin-Varry. 

Insoluble  in  alcohol. 


Bassorin. 

Ciagiooio  or  C^^IP^O^o. 

Guerin-Varry.      Ann.    Chim.  Phys.  40,  248  and  51,  222. 
Mulder.     J.  pr.  Chem.  15,  207  ;  further,  37,  338. 
Schmidt.     Ann.  Pharm.  51,  29. 
LuDwiG.    JSr.  Pr.  Arch.  82,  33  and  153. 

TVaganthstoj^  {BvLchholz),  Traganthin,  Adraganthin,  Berzelius'  Vegetable  Mucus  in 
part. —  The  part  of  Bassora-gum,  gum-tragacanth,  and  other  gums, 
which  is  insoluble  in  water  and  swells  up  therein. 
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Sources.  In  Bassora  or  Kutera  gum  which,  according*  to  Vanquelin 
and  Fremy,  consists  almost  wholly  of  it,  according  to  Guerin-Varry, 
of  61 '31  p.  c.  bassorin,  together  with  arabin,  ash  and  constituents 
soluble  in  alcohol.  See,  on  this  subject,  Guerin-Varry,  Guibourt  {J.  Chim.  med. 
8,  419;  Aim.  Pharm.  9,  225),  Vauquelin  {Bull.  Pharm.  3,  52),Ludwig  {N.  Br.  Arch. 
82,  32).— In^cfyoM-^wm(Trommsdorff,  N.  Tr.  22,  2,  252).— In  the  gum 
of  Cactus  opuntia  (Bazin  &  Guibourt,  J.  Pharm.  20,  525 ;  Trommsdorff, 
N.  Tr.  19,  2,  35).  —  In  Gmmni  Smiarubce  (Lndwig).  —  In  false  ^um- 
tragacanth  (N.  v.  Esenbeck,  Mag.  Pharm.  25,  241  ;  Brandos,  Mag. 
Pharm.  33,  4). —  Gum  tragacanth  contains,  according  toBuchholz  [Tas- 
chenh.  1815,  83)  57  p.  c.  arabin  and  43  p.  c.  bassorin,  together  with 
starch  (but  not  always,  according  to  Flaschhoff,  Br.  Arch.  21,  222.),  the  brown  SOrt 
containing  more  starch  than  the  white,  and  consequently  turning  blue 
with  iodine  (Fromberg,  Mag.  Pharm.  182G,  15,  169  ;  Planche,  J.  Pharm. 
13,  25).  According  to  Guerin-Varry,  it  contains  53*3  p.  c.  arabin, 
o3'l  p.  c.  bassorin,  ll'l  p.  c.  water,  and  2*5  p.  c.  ash;  according  to 
others,  little  or  no  arabin.  It  leaves  3*57  p.  c.  ash  (Lowenthal  &  Haus- 
mann,  Ann.  Pharm.  ^'d,  112);  contains  on  the  average  16*35  p.  c. 
water  (Ludwig,  N.  Br.  Arch.  82,  38).  Boiliag  alcohol  extracts  from 
tragacanth  1*56  p.  c. :  the  solution  was  found  to  contain  a  bitter  sub- 
stance, sugar  being  found  in  it  only  once.  —  On  the  microscopical  constituents 
of  gum-tragacanth,  see  Mohr  {Bot.  Zeit.  1857,  37) ;  Hartig  {Entwickl.  d.  Pjianzenlc.  39) 
Maschke  {J.pr.  Chem.  76,  49). 

Gum-tragacanth  dried  at  17*5°  contains  40-5  p.  c.  C,  6*61  H.,  and 
52*82  0.  (Hermann.)  Select  gum-tragacanth  dried  between  100°  and 
110°  contains  45*25  p.  c.  C,  6*00  II.,  and  48*75  0.,  after  deduction  of 
1*75  p.  c.  ash.     (Schmidt.) 

Preparation.  Gum-tragacanth  or  Bassora-gum  is  exhausted  with 
cold  water,  and  the  insoluble  residue  is  dried.  (Guerin-Varry.) 
Trommsdorff  employs  acajou-gum,  and  washes  the  residue  Hkewise 
with  alcohol. 

Schmidt  pours  cold  water  on  lumps  of  pure  gum-tragacanth  ;  leaves 
them  to  stand  for  24  hours ;  agitates  the  swollen  mass  with  alcohol 
containing  hydrochloric  acid,  till  it  cakes  together ;  decants  the  alco- 
hol from  the  lumps  ;  suspends  them  in  water ;  again  agitates  with 
alcohol  containing  hydrochloric  acid,  —  and  so  forth,  till  the  liquid 
which  runs  off  no  longer  leaves  any  residue ;  then  removes  the 
adhering  acid  by  washing  with  alcohol,  and  dries  the  residue  on  glass 
plates.  The  product  thus  obtained  must  con<:ain  arabin,  if  that  substance  was  pre- 
sent in  the  tragacanth.     (Kr.) 

Properties.  Colourless,  semitran sparent,  difficultly  friable  gum; 
when  prepared  from  tragacanth,  it  forms  dirty  white  scales.  (Guerin- 
Varry.)  Inodorous  and  tasteless.  Permanent  in  the  air. —  See  also 
Maschke  (/.j9r.  CAem.  76,  48). —  Not  digestible.  (Frerichs,  Handb,  Zoo- 
chem.  viii.  577.) 

Guerin-Varry.  Schmidt.        Mulder. 

mean,  mean, 

a.  *.  at  110°.  at  130°-140% 

12  C 72     ....     44*44     ....     37*28     ....     3579     44-86     ....     45-30 

10  H    ....     10     ....       6-17     ....       6-85     ....       7*11     620     ....       5-85 

10  O    ....     80     ....     49*39     ....     55-87     ....     57*10     48*94    48-85 

C12HWO10  162     ....  10000     ....  100*00     ....  100*00     100*00    ....  100*00 
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So,  according  to  Schmidt.  His  bassorin  still  left  6-65  p.  c.  ash,  and  when  further 
heated  to  170°,  lost  5*22  p.  c.  water,  after  which  its  composition  agreed  with  the  formula 
Qi2H"03.  —  a.  From  Bassora-gum  j  b.  from  gum-tragacanth,  after  deduction  of  ash 
=  C^^HiiQ"  (Guerin-Varry).  Isomeric  with  arable  and  metagummic  acids,  but  differs 
from  both  (Fremy,  N.  J.  Pharm,  37,  81).  According  to  Mulder,  it  is  C^^Ri^Oi^;  he 
is  of  opinion  that  Schmidt's  bassorin  was  most  perfectly  dried. 

Decompositions.  1.  Gum-tragacantli  dried  at  100°  in  a  current  of 
air,  becomes  yellowish  when  heated  to  140°,  loses  at  the  same  time 
1-73  p.  c.  of  its  weight,  and  at  150°  decomposes  with  stronger  cobra 
tion  (Mulder,  vid.  sup).  —  2.  Gum-tragacanth  yields  by  dry  distillation 
carbonic  acid  and  combustible  gas,  pyromucic  acid  containing  a 
little  ammonia,  and  leaves  charcoal,  together  with  carbonate  of  hme 
and  a  small  quantity  of  phosphate.  (Cruikshank.)  —  3.  Tragacanth- 
mucilage  prepared  with  water  acquires,  after  standing  for  some 
weeks,  the  odour  of  sour  paste  and  butyric  acid.  (Guerin-Varry.) 
—  4.  Bassorin  heated  with  iiitric  acid  yields  22*6  p.  c.  mucic  acid 
and  a  small  quantity  of  oxalic  acid  (Guerin-Varry) ;  gum-tragacanth 
likewise  yields  mucic  (saccharic  ?)  acid,  and  oxalate  of  lime  (Scheele  ; 
Laugier,  Ann.  Chim.  72,  82.)  Strong  nitric  acid  converts  tragacanth  into 
xyloidin.  (Braconnot.)  It  causes  bassorin  to  swell  up  in  the  cold  and  when  heated 
with  it,  forms  a  solution  precipitable  by  alcohol ;  weak  nitric  acid  dissolves  bassorin  only 
when  heated,  forming  a  solution  precipitable  by  alcohol.  (Trommsdorff.) —  5.  Bas- 
sorin  is  not  altered  by  cold  oil  of  vitriol,  but  is  carbonised  when  heated 
with  it  (Guerin-Varry).  Tragacanth  is  carbonised  by  oil  of  vitriol, 
and  yields  traces  of  artificial  tannin.  (Hatchett.)  —  Dilute  sulphuric 
acid  dissolves  bassorin  on  boiling,  forming  a  crystalhsable,  non-fer- 
mentable sugar  (Guerin-Varry),  together  with  a  gum  whose  aqueous 
solution  is  precipitated  by  alcohol  and  basic  acetate  of  lead.  Tra- 
gacanth swollen  in  cold  water  is  converted  into  a  mobile  liquid  by 
continued  heating  or  evaporation  with  dilute  sulphuric,  hydrochloric, 
or  oxalic  acid,  and  ultimately  dissolves  with  the  exception  of  a  few 
flocks ;  alcohol  added  to  the  filtrate  throws  down  a  white  gum 
whilst  glucose  remains  dissolved.  The  gum  contains,  on  the  average, 
44-26  p.  c.  C,  6-25  H.,  and  49-49  0.,  Schmidt.  —  6.  Bassorin  is  con- 
verted by  boihng  with  aqueous  alkalis,  into  a  soluble  gum,  which 
resembles  gum-arabic,  but  differs  from  it  in  the  precipitability  of  its 
solution  by  neutral  acetate  of  lead  (FremyJ.  —  7.  Tragacanth-mucilage 
boiled  with  quicHime  turns  yellow  at  first,  but  becomes  colourless 
again  after  two  hoin-s,  whilst  the  precipitated  hme  appears  yellow  j 
the  clear  hquid  contains  a  Hme-salt  in  solution.     (Zeise.) 

Combinations.  Bassorin  is  insoluble  in  icater,  even  at  the  boiling 
heat,  but  swells  up  to  a  jelly  when  immersed  in  it.  When  tragacanth 
is  softened  with  1000  or  1200  pts.  of  water,  and  the  dissolved  portion 
is  separated  from  the  swollen,  gummy  mass,  the  latter,  on  being 
mixed  with  a  large  quantity  of  water,  at  length  becomes  sufiiciently 
mobile  to  run  through  the  filter  in  the  form  of  a  viscid  liquid,  each 
drop  extending  itself  into  a  thread  (Berzelius,  Lehrb.  3  Aufl.  6,  407). 
If  moist  bassorin,  which  has  not  been  previously  dried,  be  boiled  with 
water  for  two  hours,  it  forms  a  colourless  mobile  solution,  which,  when 
evaporated,  leaves  a  residue  only  partially  soluble  (Trommsdorff). 
According  to  some  statements,  tragacanth  yields  nothing  to  water ; 
according  to  others  it  yields  arabin  {vid.  sup.). 

Bassorin  dissolves   readily  in  hydrochloric  acid,   also   in  aqneous 


I 


VEGETABLE   MUCILAGJ3.  209 

ammonia,   and  remains  unaltered  when  the   solvent  is   evaporated. 
(Trominsdorff). 

With  Oxide  of  Lead. — Tragacanth -jelly,  diluted  with  a  larg'e  quan- 
tity of  water,  coagulates  with  basic  acetate  of  lead,  shghtly  with  the 
neutral  acetate.  When  powdered  tragacanth  is  macerated  for  twenty- 
four  hours  with  cold  water,  the  liquid  strained  through  linen — only  a 
Hmall  quantity  of  adventitious  matter  then  remaining  on  the  filter — • 
then  precipitated  with  ammonia  and  neutral  acetate  of  lead,  and  the 
precipitate  washed  and  dried  atlOO"",  the  product  a  is  obtained.  When 
uncomminuted  tragacanth  is  macerated  in  water  for  twenty-four  hours, 
the  clear  Hquid  poured  off,  two  similar  extracts  prepared  from  the 
residue,  and  each  precipitated  with  basic  acetate  of  lead,  the  precipi- 
tates 6,  c,  and  d  are  obtained  (Mulder).  As  the  organic  substance  of 
all  these  precipitates  has  nearly  the  same  composition,  Mulder  con- 
cludes that  tragacanth  does  not  contain  arabin,  but  only  a  certain 
constituent,  which,  according  to  him,  is  pectic  acid. 

Mulder. 


a. 

h. 

c. 

d. 

PbO 

51-38     .. 

..     53-31     .. 

..     38-84     ., 

...     47-54 

c 

17-49     .. 

...     20-77     ., 

...     27-22     ., 

...     23-14 

H 

2-OG     ., 

...       2-50     .. 

...       3-12     ., 

...       2-78 

O 

29-07     .. 

...     23-42     . 

...     30-82     . 

...     26-54 

100-00     . 

...  100-00     . 

...  100-00     . 

...  100-00 

Tragacanth- jelly  curdles  a  solution  of  bichloride  of  tin ;  according 
to  Bostock  it  forms  a  reddish  precipitate  with  mercurous  nitrate; 
according  to  Pfaff,  a  white  precipitate  with  both  mercurous  and  mercuric 
nitrate.     It  is  precipitated  by  alcohol. 


Vegetable  Mucilage. 

Leo  Meier.     Berl.  Jahrh.  27,  2,  75. 

Guerin-Varry.     Ann,  Chim.  Phys.  49,  248 ;  Schiv.  65,  220 ;  N.  Tr.  26, 

2,  155 ;  abstr.  Pogg.  29,  50. 
Mulder.     J.  pr.  Chem.  15,  293 ;  further,  37,  334. 
Schmidt.     Ann.  Pharm.  51,  29. 
Nageli  &  Cramer.   Pflanzenphys.  Untersuckungen,  Ziirich,  1855 ;  abstr. 

Pharm.  Centr.  1855,  426. 

Gelin,  Mucus,-  Vegetabilische  Gallerte,  PflanzenscJdeim. — Chiefly  investigated 
by  Schmidt ;  formfirly  confounded  by  Mulder  with  pectic  acid.  The  substances  here 
brought  together  under  the  name,  vegetable  mucilage,  exhibit  certain  diversities  of 
character,  which  may  perhaps  render  it  necessary  to  subdivide  them.  Schmidt  likewise 
regards  tragacanth,  and  perhaps  therefore  bassorinin  general,  as  vegetable  mucilage. 

Sources.  Doubtless  a  universally  diffused  constituent  of  plants. 
Described  and  examined,  as  obtained  from  the  following  parts  of 
plants  :   From  the  roots  of  marsh-mallow  {Althaea  officinalis),  the  tubers 
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of  various  species  of  Orch'is  (Scdep  mucilage). — From  the  seeds  of  Plantago 
Psyllium  (flea-wort),  of  Linum,  of  various  species  of  Salvia  and  other 
Labiatoe.  and  of  quinces.  —  From  the  bark  and  leaves  of  the  hme  and 
elm.  —  From  Sphcerococcus  crispus,  the  mucilage  forming  nearly  the 
entire  alga,  and  from  Fucus  saccharinus. 

On  marsh-mallow  mucilage,  see  also  TrommsdorfF  (A^.  Tr.  19,  1,  3  64);  on  the 
mucilage  of  flea-wort  seed,  Braconnot,  (/.  Chim.  med.  17,  513}  Repert.  75,  190);  on 
linseed  mucilage,  Vauquelin  (Schw.  J.  9,  142)  on  elm  and  lime  mucilage,  Braconnot 
{N.  Ann.  Chim,.  Phys.  17,  352);  on  the  mucilage  of  diseased  elms,  also  Vauquelin 
{Ann.  Chim.  21,  43).  —  On  the  mucilage  of  JF'mcw*  saccharinus,  Witting,  Jun.  (J.  pr. 
Chem.  73,  138). 

Preparation.  The  undivided  seed  of  flax,  flea- wort,  or  quinces,  is 
macerated,  with  agitation,  in  cold  water ;  the  liquid  is  strained,  boiled 
up,  again  strained,  concentrated  in  the  water-bath  till  alcohol  preci- 
pitates tenacious  threads  from  it,  then  mixed  with  alcohol ;  and  the 
precipitate  is  strongly  pressed,  left  to  swell  up  to  a  certain  extent  in 
water,  and  agitated  with  alcohol  containing  hydrochloric  acid,  as  long- 
as  lime-salts  are  thereby  removed.  (Schmidt,  Mulder.)  —  Esirlier  state- 
ments about  vegetable  mucilage  relate  chiefly  to  the  decoction  of  certain  parts  of  plants 
evaporated  down,  or  exhausted  with  alcohol,  or  again  boiled  with  animal  charcoal. 

Properties.  After  drying  it  forms  a  horny  or  cartilaginous,  amor- 
phous, and  generally  colourless  mass.     Friable.     Neutral. 

Schmidt.  Mulder. 

from  Linseed,     from,  Quinces. 
a^  100°— 110*.  G^  150°.         an30°— 150^ 

12  C    ....     72     ....     44-44     ....     44-43  to  44-95     44-83     45--15 

10  H    ....     ]0     ....       616     ....       6-12  to     6-33     592     6-07 

10  O    ....     80     ....     49-40  49-25     48-48 

CiSHiOQio  162     ....  100-00  100*00     lOO'OO 

Nageli  &  Cramer. 
from  Linseed.  from  Quinces. 

C 44-90     46-60 

H 6-03     6-11 

0 49-07     47-29 


100-00     10000 


Schmidt's  and  Mulder's  analyses  give  the  composition  of  the  mucilage  after 
deducting  the  ash,  which,  in  Schmidt's  substance  amounted  to  0-415 — 1-39  p.c,  and 
in  Mulder's  to  2*04 — 4-25  p.c.  —  Schmidt  examined  mucilage  from  marsh-mallow, 
flea-wort,  Sphcerococcus  crispus,  linseed,  and  quinces,  with  nearly  equal  results.  — 
Mulder  gives  the  formula  C^^H'SO'^  and  supposes  that  Schmidt's  substances  were  not 
sufficiently  dried.  The  larger  amount  of  ash  in  Mulder's  substances  may  perhaps  be 
explained  by  the  smaller  amount  of  water  that  he  found.  For  Guerin-Varry's  analysis, 
and  his  partly  unintelligible  statements,  see  Ann.  Chim.  Phys.  49,  248. 

Decompositions.  1.  Linseed  mucilage  dried  at  100°  in  a  stream  of  air, 
loses  1-28  p.  c.  of  its  weight  when  gradually  heated  to  150°,  and  forms 
a  trace  of  acid;  when  further  heated  to  170°,  it  diminishes  in  weight 
by  1-03  p.c.  more,  at  the  same  time,  however,  exhibiting  marks  of 
decomposition.  Quince  mucilage  loses  0*65  p.  c.  at  150°,  and  1*04  p.  c. 
more  at  170°.  The  mucilage  of  flea- wort  seed,  dried  at  110°,  loses 
5*8  p.  c.  at  175°  ;    quince-seed  mucilage  4*9 G  p,  c.      (Schmidt.)—- 
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2.  Marsh-mallow  mucilage  yields,  by  dry  distillation,  carbonic  acid 
and  carburetted  hydrogen,  a  distillate  of  empyreumatic  oil  and  acid 
water  (containing  ammonia)  and  a  residue  of  charcoal.  (Leo  Meier.)  — • 

3.  Vegetable  mucilage  boiled  with  dilute  acids  becomes  mobile  and  is 
resolved  into  gum  and  sugar.  Quince  mucilage  is  at  first  coagulated 
by  acids,  and  decomposed  after  a  few  hours  ;  the  mucilage  of  flea-wort 
and  other  plants  is  more  easily  decomposed.  When  salep-tubers,  cut 
into  small  pieces,  are  left  to  swell  up  in  water,  then  crushed  and  digested 
for  some  time  with  dilute  sulphuric  acid,  cellular  membrane  is  left 
behind,  and  the  filtered  liquid  contains  gum  and  sugar.     (Schmidt.)^— 

4.  Mucilage,  boiled  with  nitric  acid,  yields  oxalic  acid,  and, 
according  to  older  statements,  likewise  mucic  acid.  Marsh-mallow 
mucilage,  treated  with  nitric  acid,  yields  oxalic  acid  (Meier);  mucio 
acid  (Trommsdorff).  Flea-wort  mucilage  yields  oxahc  acid  and 
artificial  bitter,  without  mucic  acid.  (Braconnot.)  Linseed  mucilage, 
obtained  by  exhausting  the  seed  with  water,  and  evaporating  the 
extract,  is  decomposed  by  water  into  a  soluble  and  an  insoluble 
portion,  the  latter  only  yielding  mucic  acid  with  nitric  acid. 
(Guerin-Yarry.)  According  to  Vauquehn  and  Meier,  linseed  mucilage 
treated  with  nitric  acid,  yields  oxalic  acid,  artificial  bitter  and  mucic 
acid ;  according  to  Nageli  &  Cramer,  the  chief  products  are  oxalic 
acid,  and  a  crystalline  powder,  nearly  insoluble  in  dilute  nitric  acid  and 
in  water,  moderately  soluble  in  aqueous  potash.  Quince  mucilage 
yields  with  nitric  acid  nothing  but  oxalic  acid  (Nageli  &  Cramer) ;  so 
likewise  elm-mucilage  (Braconnot).  —  With  strong  nitric  acid,  linseed-; 
niucOage  yields  a  small  quantity  of  xyloidin.  (Braconnot.)  »—  Vege- 
table mucilages  heated  with  nitrosulphuric  acid  yield  a  detonating 
product.     (Niigeh  &  Cramer.) 

5.  Vegetable  mucilage  heated  with  oil  of  vitriol  is  charred,  with 
evolution  of  sulphurous  acid.  (Meier.)  Quince-mucilage  treated  with 
oil  of  vitriol  is  coloured  blua  by  iodine  (Kiitzing,  Nageli  &  Cramer), 
and  splendid  red  after  a  few  days  by  hiniodide  of  zinc.  (Nageli  & 
Cramer.) 

6.  Elm-mucilage  thickened  by  potash-ley,  becomes  fluid  again  on 
boiling,  and  is  converted  into  gum.  (Braconnot.) — 7.  Mucflage  is 
d(.>composed  by  digestion  with  ivheat-glutin  in  the  same  manner  as  by 
dilute  acids.  (Schmidt.)  It  is  not  altered  by  saliva,  gastric  juice,  bile, 
or  j^^^creatic  juice.     (Frerichs,  Handb.  Yiii.  Zoochem.  577.) 

Vegetable  mucilage  swells  up  strongly  when  water  is  poured  upon 
it,  but,  according  to  Nageli  &  Cramer,  it  does  not  form  a  true  solution. 
The  resulting  jelly  is  impervious  to  alcohol,  ether,  and  oils  both  fixed  and 
^  olatile.  Dry  hnseed  mucilage  is  but  partially  soluble  in  water.  Quince - 
iiiucQage  also  does  not  dissolve  in  water,  either  cold  or  hot,  during 
washing,  if  it  has  been  precipitated  from  its  aqueous  solution  by  acids. 
(Schmidt.)  The  aqueous  solution  of  some  vegetable  mucilages  solidi- 
ties in  a  gelatinous  mass ;  that  of  others  does  not.     On  the  swelling  power 

of  quince-mucilage,  see  Nageli  &  Cramer. 

The  aqueous  solution  of  flea-wort  mucilage  is  not  altered  by  dilute 
acids,  but  quince  mucilage  is  coagulated  by  acids,  alkalis,  and  many 
f^"hs.  (Schmidt).  From  the  mucilage  of  Fucus  saccharinus,  nitric  acid 
nnd  dihite  sulphuric  acid  separate  white  flocks.  (Watting,  J.  pr.  Che?iu 
7oj  138).  — Iodine  colours  vegetable  mucilage  greenish  yeUow. 

V  2 
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Baryta-water  coagulates  marsh-mallow  mucilage  (Trommsdorff, 
flea-wort  mucilage  (Braconnot),  elm  mucilage  (Berzelius).  Lime-water 
acts  in  a  similar  manner.  Salep  mucilage  boiled  with  weak  potash- 
ley  forms  a  clear  jelly  after  addition  of  a  small  quantity  of  chloride  of 
calcium.  (Schmidt.)  Vegetable  mucilage  is  not  thickened  by  horax 
(Schiller,  Berl.  Jahrh.  1808,  186,  and  others). 

Vegetable  mucilage  is  not  precipitated,  at  least  not  completely,  by 
neutral  acetate  of  lead;  but  the  basic  acetate  produces  complete  pre- 
cipitation. See  Mulder's  analysis  of  the  lead  precipitates.  {J.  pr.  Chem.  15,  203.) 
The  mucilage  of  Fucus  saccharinns  is  precipitated  by  neutral  acetate  of 
lead.  (Witting). 

Vegetable  mucilage  is  not  altered  by  cupric  or  ferric  sulphate. 

It  is  insoluble  in  alcohol,  and  is  precipitated  from  its  aqueous  solu- 
tion by  tincture  of  galls. 


Saccharo'idal  Snhstances  C^^IP^O' 

Finite. 

C^^n^^O^*  or  C^'ll^O'\ 


i 


Berthelot  (1855).     JV.  Ann.  Chim.  Phys.  4G,  76  ;  Compt.  rend.  41,  392 ;" 
J.  pr.  Chem.  67,233;  Chem.  centr.  1855,   m^.  — Chim.  org.  Paris 
1860,  2,  213. 

Johnson.     Sill.  Am.  J.  [2],  22,  6 ;  J.  p)r.  Chem.  70,  245 ;  N.  Br.  Arch, 
93,  54  J  Chem.  Centr.  1856,  765. 

Pine-sugar  ;  FichienzucJeer. 

OcciuTence.  In  the  sap  of  the  Pinus  lamhertina  of  Cahfornia.  This 
liquid  exudes  from  the  stems,  collects  in  cavities  made  with  fire  at 
the  bottom  of  the  stems,  and  hardens  into  roundish  masses.  (Ber- 
thelot.) 

Preparation.  From  the  crude  hardened  juice : — 1.  By  dissolving  it 
in  water,  decolorising  the  solution  with  animal  charcoal,  leaving  the 
filtered  liquid  to  evaporate,  and  recrystalhsing  from  cold  water.  The 
crystals  do  not  separate  till  the  solution  has  stood  for  several  weeks, 
and  they  are  slow  of  growth.  (Berthelot). — 2.  The  hot  alcoholic  solu- 
tion is  decolorised  with  animal  charcoal  and  mixed  with  ether  till  tur- 
bidity ensues.  After  a  few  hours  crystals  appear,  which  may  be 
purified  by  recrystallisation.  (Johnson.) 

Properties.  Hard  colourless,  radiate  nodules,  consisting  of  micro- 
scopic, imperfectly  developed  crystals.  Melts  above  150°.  In  vacuo, 
near  the  boihng  point  of  mercury,  it  forms  white  fumes  without  dis- 
tilling. Its  taste  is  almost  as  sweet  as  that  of  sugar-candy, 
Sp.  gr.  1-53.  Rotatory  power  [a]y  =  58'6°  to  the  right.  Neutral. 
(Berthelot.) 
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12  C 

72    . 

...     43-9 
...       7-3 

...     48-8 

Berthelot. 
....     43-5     .. 
....       7-5     .. 
....     490     .. 

Johnson. 
42-75 

12  II          

12     . 

7*40 

10  O 

80     . 

..     49-85 

C12H12Q10 

164     ., 

...  lOJ-O 

....  100  0     .. 

..  10000 

Decompositions.  1.  Pinite  heated  above  150°  gives  off  empj^-eu- 
matic  water;  at  250°  it  is  partly  converted  into  a  black  insoluble 
mass,  but  it  is  only  at  a  higher  temperature  that  complete  decom- 
position takes  place,  an  odour  of  caramel  being  emitted,  and  tarry 
l)roducts  distilling  over.  —  2.  Heated  on  platinum  foil,  it  chars  and  burns 
away  completely.  —  3.  Hot  nitric  acid  decomposes  it,  with  formation 
of  nitro-compounds,  and  a  small  quantity  of  oxalic  acid.  —  4.  Pinite 
l)lackens  when  oil  of  vitriol  is  quickly  poured  upon  it,  but  dissolves  if 
gradually  brought  in  contact  with  the  acid  at  a  moderate  heat, 
apparently  forming  pinisulphuric  acid,  the  soluble  lime-salt  of  which 
decomposes  when  its  solution  is  evaporated.  —  Dilute  sulphuric  acid 
does  not  affect  pinite  even  at  the  boihng  heat.  —  5.  Heated  with 
tartaric  acid  to  100°  — 120°  in  sealed  tubes  for  five  hours,  it  yields 
pinitartaric  acid ;  with  benzoic  acid  at  200°  —  250°,  it  yields  benzo  • 
pinite;  with  stearic  acid  at  200° — 250^,  stearo-pinite. — 6.  When  its 
concentrated  aqueous  solution  is  brought  in  contact  with  hiniodide 
of  2)hosphorus,  it  becomes  partially  carbonised,  and  yields  a  volatile, 
strongly  refracting  oil,  smelling  of  acetone,  carboHc  acid,  and 
salicylous  acid.  —  7.  When  very  strongly-  heated  with  lumps  of  potash 
or  with  lime,  it  is  decomposed  with  evolution  of  acrid  fumes.  —  8.  It 
reduces  the  hot  aqueous  solution  of  nitrate  of  argentammonia.  Finite  is 
not  altered  by  aqueous  potash,  ammonia  or  baryta,  by  potassio-cupric  tartrate  or 
sesquichloride  of  iron.     It  does  not  ferment  with  yeast. 

Combinations.  Pinite  is  very  soluble  in  water.  It  dissolves  abun- 
dantly m  fuming  hydrochloric  acid,  and  crystallises  somewhat  colom'cd  on 
cooling. 

The  aqueous  solution  of  pinite  dissolves  lime  more  freely  than  pure 
water. 

Lead-compound. — From  a  concentrated  aqueous  solution  of  pinite, 
ammoniacal  sugar  of  lead  throws  down  a  white,  curdy,  very  flocculent 
precipitate,  which  when  recently  precipitated  dissolves  in  a  larger 
quantity  of  cold  water,  but  is  only  partially  dissolved,  and  decomposed 
at  the  same  time,  by  boiling  water. 

At  10^"  in  vacuo.  Berthelot, 

12  C   72        ....  11-8  ....     12-5 

12  H.... 12         ...  2-0  ....       2-1 

10  O 80        ....  131  ....     12-6 

4  PbO 446-8     ....  73-1  ....     728 

Ci2Hi20io,4PbO  610-8     ....  100*0     ...  lOO'O 

Aqueous  pinite  dissolves  ncatral  acetate  of  lead. 

Pinite  is  nearly  insoluble  in  absolute  alcohol,  slightly  soluble  in  boil- 
ing  alcohol  of  ordinary  strength.  (Berthelot.)  —  Soluble  in  boiling  alcohol 
(Johnson).  —  Insoluble  in  chloroform.  (Berthelot.) 
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Conjugated  Compounds  of  Finite. 

Pini-tartaric  Acid. 

CfloHseO'o  or  C3«ff«0'». 

Berthelot.     (1857.)    JST.  Ann.  Chim.  Phrjs.  54,  84  ;  abstr.  Convpt.  rend. 
45,  268  ;  Chem.  Gaz.  1857,  441 ;  J.  pr.  Chem.  73,  159. 

Pinit'iartersdure.    A  cide  pinitartrique. 


Formed,  like  dulci-tartaric  acid,  from  1  at.  pinite  and  3  at.  tartaric 


acid. 


C6H605  +  3(C8H60i2)  -  6H0  =  C^OHisO^s  (Berthelot). 


Lime-salt. —  Gives  off  16*8  p.  c.  water  at  100"" 


60  C 

at  100^ 
360     .. 

..     30-5 
.       8-5 
..    51-7 
..     14-3 

Berthelot. 
....     29-6 

42  H    

42     .. 

....       3-6 

76  0           

608     .. 

....     51-0 

6  CaO    

168     .. 

....     15-8 

C60H30Ca6O70,12HO   

1178     .. 

.  1000 

....  1000 

I 


Benzo-pinite. 


Berthelot. 
41,  452. 


Chimie  organique,    Paris,    1860,   2, 


206. —  Compt.  rend. 


A.  Mono-acid.  —  Finite  monobenzoique. —  C^^H'^O". 

Pinite  is  heated  with  benzoic  acid  in  a  sealed  tube  for  some  hours 
to  200° — 250°  ;  -the  excess  of  benzoic  acid  is  saturated  with  aqueous 
carbonate  of  potash  and  finally  with  a  small  lump  of  solid  caustic  pot- 
ash ;  the  hquid  is  mixed  with  an  equal  quantity  of  ether ;  and  the 
supernatant  ethereal  solution  is  decanted,  after  standing  quietly  for  a 
while,  then  treated  with  bone-black,  and  evaporated,  first  over  the 
water-bath,  afterwards  in  a  strongly  heated  sand-bath  : 

2CMH604  +  C12H12O10  =  C40H20O14  +  4HO. 

Solid  resin.  Neutral.  Hydrochloric  acid  gas  passed  through  its 
solution  in  absolute  alcohol  resolves  it  into  benzoate  of  ethyl  and 
slowly  crystalhsing  pinite.  By  lime  at  100°,  it  is  slowly  converted 
into  pinite  and  benzoate  of  lime. —  Insoluble  in  loater. —  Soluble  in 
absolute  alcohol  and  in  ether.     (Berthelot). 

B.  Bi-acid.  —  Finite  dibenzoique.  —  C'^^IP'O''^ 
Monobenzo-pinite  is  heated  to  200°  —250°  with  benzoic  acid,  and 
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the  prodnct  is  freed  from  excess  of  benzoic  acid  in  the  same  manner 
as  A : 

4C14H604  +  C12H12O10  =  C68H32022  +  4H0. 

SoHd.    Neutral.     Insoluble  in  i<;oj^er.     Soluble  in  e^Aer.     (Berthelot.) 


Quercite. 

C2*IP*02o  or  C^^H^^O^". 

Braconnot.     (1849.)     N,  Ann.    Chim.   Phys.   27,   392 ;    J.  pr.  Chem. 

49,  232  ;  Fharm.  Centr.  1850,  92. 
Dessaignes.     Compt.  rend.  33,  308  and  462 ;  Ann.  Pharm.  81,  103  and 

251 ;  Pharm.  Centr.  1861,  746  and  959. 

Sugar  of  Acorns.  —  The  name  qnercin  was  given  by  Scattergood  (Repert.  34, 146) 
to  crystals  from  Quercus  falcata;  by  Gerber  {N.  Br.  Arch.  34,  167)  to  crystals  from 
oak-bark,  the  nature  of  which  was  not  determined. 

Discovered  by  Braconnot  in  the  fruit  of  Quercus  racemosa  and  Q.  sessiliflora 
(Handb.  viii.,  Phytochem.  77);  recognised  as  a  peculiar  substance,  and  investigated  by 
Dessaignes. 

Preparation.  The  aqueous  extract  of  bruised  acorns  is  freed  from 
dissolved  tannic  acid  by  heating  it  with  lime ;  the  filtrate  is  left  to 
ferment  with  yeast,  to  remove  the  fermentable  sugar,  which  hinders 
the  separation  of  the  quercite  ;  the  liquid,  after  filtration,  is  evaporated 
to  a  syrup,  and  the  crystals,  which  separate  from  it  after  a  while,  are 
washed  with  cold  alcohol,  and  recrystalHsed  from  water  or  weak  spirit. 
(Dessaignes,  N.  J.  Pharm.  251,  30.) 

Properties.  Hard  crystals,  grating  between  the  teeth,  permanent 
in  the  air.  They  belong  to  the  obhque  prismatic  system.  Rhombic 
prism  u.  {fig.  99),  having  the  obtuse  edge  truncated  by  t  (fig.  97) ; 
above,  it  has  also  the  obhque  end-face  i,  and  below,  the  face/ (%.  94), 
and  the  obhque  prism  a.  The  faces  u  are  vertically  striated.  The 
faces  are  unequally  developed,  u  :  uin  front  =  106°  30' ;  u  :  t  =  143° 
15';  t:i=  111°  3';  t:f=  122°  40';  i  :/ behind  =  126°  17',  by  cal- 
culation, =  126°  38'  (nearly)  by  observation ;  a  :  a  over  /  =  108°  52' 
by  calculation,  =  109°  5'  by  observation ;  a  :  i  =  144°  26'  by  calcu- 
lation, =  144°  28'  by  observation ;  w  :  e  =  106°  44'  by  calculation,  = 
106°  15'-50'  by  observation  ;  u:f=  115°  37'  by  calculation,  =  115° 
15'  (nearly)  by  observation  (Senarmont,  Rammelsherg's  Handhuch,  224). 
—  Permanent  at  215°,  melts  at  235°,  and  partly  sublimes,  a  small 
portion  of  the  residue  becoming  carbonised.    (Dessaignes.) 


a.  b. 

24  C  144  ....  43-90  ....  43-74  ....  4369 

24  H  24  ....   7-31  ....   7-53  ....   7-71 

20  O  160  ....  48-79  ....  48-73  ....  48-GO 

C-24H24O20  328  ....  100-00  ....  100-00  ....  100-00 

a.  From  nitroquercite  (Dessaignes). 
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Deco7npositions.  1.  Converted  by  hot  mtric  acid  into  oxalic  acid,  not 
into  mucic  acid  (Braconnot,  Dessaignos).— 2.  Triturated  with  oil  of 
vitriol,  it  forms  a  colourless  solution  containing  a  conjugated  acid,  whose 
lime-salt  does  not  crystalHse.  —  3.  Nitrosulplturic  acid  converts  it  into 
nitroquercite.  (Dessaignes.)  Nitroquercite  is  a  white  amorphous  resin,  in- 
soluble in  water,  soluble  in  hot  alcohol;  treated  in  alcoholic  solution  with  sulphuretted 
hydrogen,  it  is  reduced  to  quercite,  with  separation  of  sulphur.  (Dessaignes,  Compt. 
rend.  33,  462  ;  Ann.  Pharm.  81,  251.) — Heated  with  tartaric  acid,  it  forms 
quercitartaric  acid  (Berthelot,  CompL  rend.  45,  268) ;  with  benzoic  and 
stearic  acids,  it  forms  benzo-quercite  and  stearo-quercite.  (Berthelot, 
Chim.  org.  2,  209.) 

Not  altered  by  boiling  potash-ley,  or  by  cupracetate  of  potash  ;  does  not  ferment 
with  yeast  or  with  cheese  (Dessaignes). 

Combinations.     Soluble  in  from  8  to  10  pts.  of  cold  water.     Aqueous] 
quercite  dissolves  a  small  quantity  of  lime. 

With  ^rtr^to.  — When  2  at.  quercite  (C-^H^^O^'^  =  1  at.)  and  4  at. 
baryta  are  dissolved  together  in  water,  a  large  quantity  of  hydrate  of  i 
baryta  crystallises  out  on  cooling,  and  an  additional  quantity  on  addition] 
of  alcohol ;  after  the  removal  of  this  deposit,  there  remains  a  gummy ; 
solution  which  does  not  crystallise  in  vacuo. —  After  drying  in  vacuo, ^ 
it  contains  29*41  p.  c.  baryta  and  gives  off  5-92  p.  c.  water  at  150°,.^ 
and  is  probably  therefore  C2*H2»02^2BaO  +  4H0  (calc.  29*59  p.  c' 
BaO,  6-96  p.  c.  HO).     (Dessaignes.) 

From  a  warm  solution  of  basic  acetate  of  lead  mixed  with  ammonia, 
aqueous  quercite  throws  down  a  copious  white  precipitate,  which  also 
does  not  become  crystalline  on  coohng.     (Dessaignes.) 

Quercite  dissolves  in  hot  weak  spirit. 


Conjugated  Compounds  of  Quercite. 

Querci-tartaric  Acid. 

C41JJ32054   _    C22H1^0^. 

Berthelot.  (1857.)  N.  Ann.  Chim.  Phys.  54,  82  ;  abstr.  Compt.  rend. 
45,  268  ;  N.  J.  Pharm.  33,  95  ;  Chem.  Gaz.  1857,  441 ;  J.pr.  Chem. 
73,  159. 

Obtained,  hke  dulci- tartaric  acid,  from  quercite  and  tartaric  acid. 
Ci2Hi^0^o  +  4CSH6012  ^  C4^H^2or.4  +  4HO. 

Quercitartrate  of  Lime  gives  off  16*1  p.  c.  water  at  110°.     (Ber- 
thelot.) 

at  100".  Berthelot. 

44  C 264  ....  30  0  ....     31-0 

"^^  H    30  ....  3.4  ...       3.9 

520 416  ....  47.4  ^^     47.3 

^  ^aO 168  ....  19-2  ....     17*8 

C«n26Ca60H4HO 878     ....  100-0     ....  lOO'O 
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Benzo-quercite, 

^40^20014^ 

Berthelot.     Chim.  org.,  Paris,  1860,  2,  220.  —  Compt.  rend.  44,  452. 

Benzoesaure'Quercit,  Benzoesaure-Quercttesier  ;    Quercite  benzoique. — 

Prepared,  like  monobenzo-pinite,  by  heating  quercite  with  benzoic 
acid  for  several  hours,  in  sealed  tubes,  to  about  200".  —  Solid, 
neutral.  —  Dissolved  in  absolute  alcohol  and  treated  with  lujdrochloric 
acid  gas,  it  is  resolved  into  quercite  and  benzoate  of  ethyl.  — Insoluble 
in  water,  soluble  in  ether.    (Berthelot.) 

Carho-hydrates  C^'H^O". 

Milk-sugar. 
C2iH220«  or  C^-H"0". 

LiCHTENSTEiN.     (1772.)    Ahhandl.  vom  Milchzuclcer,  Braunschw.  1772. 

Cruikshank.     Scher.  J.  3,  293. 

Hermbstadt.     Crell.  N.  Entd.  5,  31. 

Bouillon-Lagrange  &  VoGEL.     /.  Phjs,  72,    208  ;   Schw.  2,  342  ; 

Gilb.  42,  135. 
Berzelius.     Ann.  Chim.  95,  G7. 
Baumann.     N.  Br.  Arch.  37,  47. 
Hagen.     Fogg.  71,  532  ;  J.  pr.  Chem.  42,  470. 
A.  Bensch.     Ann.Pharm.  61,  221. 
Poggiale.     Compt.  rend.  28,  505  ;  N.  J.  Pharni.  15,  413;  J.  pr.  Chem, 

47,  13 ;  J.  Chim  med.  25,  364. 
Brendecke.     N.  Br.  Arch.  78,  88. 
Krause  &  Stadeler.     Mitth.  d.  naturf.  Gesellsch.  in  Zurich,  1854,  473 ; 

Chem.     Gaz.    1855,    67  ;    Fharm.    Cenir.    1854,  936 ;    Lieb.   Kopp. 

Jahresher.  1854,  746. 
A.  Lieben.     Wien.    AJcad.  Ber.  18,    180 ;    Chem.    Centr,   1856,   567  ; 

J.  pr.  Chem.  68,  407. 
Pasteur.     Compt.  rend.  42,  347 ;  Chem.   Centr.   1856,  253 ;  Inst.  1856, 

91;  J.pr.Chem  68,  427. 
DuBRUNFAUT.     Compt.  rend.  42,  228 ;    Chem.  Centr.  1856,  233 ;    Inst. 

1856,  61 ;  J.pr.  Chem.  68,  422. 
LuBOLDT.     J.  pr.  Chem.  77,  282 ;  abstr.  Rep.  Chim.  pure,  2,  41  ;  N.  J, 

Fharm.  36,  306. 

Lactin  (Pasteur).  Lactose  (Dumas),  but  different  from  the  lactose  of  Pasteur 
{vid.  inf.).  —  Originally  prepared  by  Fabrizio  Bartholetti,  ia  1619,  from  whey,  thence 
called  Manna  or  JSitrum  seri  lactis  and  afterwards  by  Bergmann,  Galacticum  Bartholetti. 
Recommended  as  a  medicine  by  Ludovico  Testi  in  1698. 

Source.  In  the  milk  of  mammalia.  According  to  Dnmas  {Compt.  rend. 
21,  707)  it  is  not  found  in  the  milk  of  carnivora,  excepting  after  they  have  taken  food 
containing  starch  or  sugar  ;  this  statement  is  however  contradicted  by  Bensch.  Cream 
contains  a  smaller    proportion    of   lactin  than  the  milk  from  which  it  is  obtained. 
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(Hoppe,  Virchow's  Arch.  17,  417.)  On  the  quantity  of  milk-sugar  in  milk,  see 
Handb.  viii,  Zoochem.  260 ;  on  the  determination  of  milk-sugar,  ibid.  253  et  seq. ; 
on  methods  of  estimation  by  the.  optical  rotatory  power,  ,see  Poggiale  (  Compt.  rend. 
28,  584;  Ann.  Pharm.  52,  116). 

The  white  of  hens*  eggs  during  incubation  contains  milk-sugar,  according  to 
Winckler  {Repert.  92,  46  ;  Chem.  Gaz.  90,  280)  ;  not,  according  to  Lehmann,(  Handb. 
viii,  Zoochem.  285).  Brande  thinks  he  has  found  lactin  in  chi/le.  {ibid.  221). 
Braconnot's  lactin  of  acorns  is  quercite  (p.  214). — According  to  Simon  {Die 
Frauenmilch,  Berlin  1838  ;  abstr.  Berzelius  Jahresber,  19,  714),  the  sugar  of  human 
milk  has  a  sweeter  taste  than  ordinary  milk-sugar,  is  less  fusible,  and  yields  with 
nitric  acid  a  smaller  quantity  of  mucic  acid ;  in  other  respects  it  resembles  ordinary  milk- 
sugar. 

Preparation.  Milk  kept  in  contact  with  rennet  for  the  preparation 
of  cheese  coagulates,  with  separation  of  whey-cheese.  The  whey 
separated  therefrom,  if  evaporated  to  the  consistence  of  honey,  yields, 
after  standing  for  some  time  in  a  cool  place,  a  crystalline  deposit  of 
milk-sugar,  which  may  be  purified  by  repeated  solution  in  water, 
clarification  and  crystallisation,  finally  (according  to  Stadeler  &  Krause) 
by  repeatedly  precipitating  the  aqueous  solution  with  alcohol. 

For  the  detection  of  milk-sugar,  milk,  diluted  with  3  pts.  water,  is 
heated  to  boiling  with  a  few  drops  of  acetic  acid ;  the  hquid  is  filtered ; 
the  filtrate  mixed  with  carbonate  of  magnesia  and  evaporated ;  the 
dry  residue  treated  with  alcohol  to  remove  all  matters  soluble  therein ; 
and  the  undissolved  portion  exhausted  with  hot  water :  on  evaporating 
tliis  last-mentioned  solution  to  a  syrup,  the  milk-sugar  crystallises  out. 

Properties,  ^ee  Hydrated  milk-sugar.  CrystaUised  milk-sugar,  heated 
continuously  to  140° — 145°,  is  converted,  with  loss  of  1  at.  water,  into 
Anhydrous  milk-sugar.  (Stadeler  &  Krause.)  Dextro-rotatory  power 
[a]  j  =  59-3°  (Berthelot),  =  60°  28  (Biot,  Compt.  rend.  42,  349). 

■150°.  Stadeler  &  Krause.   Lieben. 
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So  according  to  Stadeler  &  Krause.  Earlier  formulae  for  (crystallised)  milk-sugar  : 
CJOHSQs  (Berzelius),  Ci^HiSQi^  (Liebig),  C''»Hi90^9,5HO  or  Ci-H'«Oio,2HO,  according 
to  others.  Berzelius  regarded  milk-sugar  fused  with  loss  of  10  p.c.  water  as  anhydrous. 

Decompositions.  1.  Milk-sugar  dried  at  150°  acquires  a  yellow  colour 
at  160^  emits  an  odour  of  caramel  (Stadeler  &  Krause),  and  diminishes 
slightly  in  weight.  Heated  to  175°,  or  above,  it  is  partly  converted, 
Avith  loss  of  weight  (amounting  to  13  p.  c.  of  the  crystallised  sub- 
stance), into  a  mixture  of  lacto-caramel  and  a  substance  insoluble  in 
water  which  then  melts  at  203*5°.     (Lieben.) 

.  CrystaUised  milk-sugar  when  carefully  heated,  melts,  gives  off 
12  p.  c.  water,  and  solidifies  on  cooHng  to  a  crystalline  mass,  which, 
v/hen  dissolved  in  water,  regains  the  water  of  crystallisation  that  it  had 
lost.  (Berzelius.)  When  melted,  it  gives  off  13*3  p.  c.  water  and 
leaves  a  brown  mass.  (Vauquelin,  Bull.  Pharm.  3,  49.)  Milk-sugar 
when  roasted,  becomes  brown  and  tough,  and  is  converted  into  a  mix- 
ture of  \  saccharic  acid  and  f  gum  (Schill,  Ann.  Pharm.  31,  152),  into 
caramel.  (Vauquelin.)  The  brown  product  formed  by  heating  milk- 
sugar  yields  mucic  acid  with  nitric  acid,  the  same  as  unaltered  milk- 
sugai-.     (Gelis,  N.  Ann.  Chim.  Phjs.  52,  355.) 
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2.  Milk-sugar  yields,  by  dry  distillation,  carbonic  acid  and  combus- 
tible gases,  aqueous  acetic  acid,  empyreumatic  oil,  and  charcoal. 
(Cruikshank.)  —  The  acid  watery  distillate  amounts  to  61  p.  c,  is  less 
mobile  than  that  obtained  from  cane-sugar,  and  more  abundantly  pre- 
cipitated by  alcohol.  (Yauquelin.)  —  3.  Milk-sugar  heated  in  the  open 
fire,  swells  up,  becomes  brown  and  tenacious,  gives  off  the  odour  of 
bm-nt  sugar,  and  burns  with  a  white  flame,  leaving  a  large  quantity  of 
charcoal.     (Bouillon  &  Yogel.) 

4.  When  oxygen  gas  is  passed  over  milk-sugar  mixed  with  spongy 
platinum,  the  milk-sugar  is  completely  resolved  into  carbonic  acid  and 
water.  (Reiset  &  Millon,  N.  Ann.  Chim.  Fhys.  8,  285.)  Milk-sugar  is 
not  altered  by  ozojie.     (Gorup-Besanez,  Ann.  Pharm.  110,  86.) 

5.  The  aqueous  solution  of  milk-sugar  heated  in  a  sealed  tube' 
turns  yellow  and  finally  dark  brown,  and  if  afterwards  left  to  evaporate, 
leaves  an  acid  dehquescent  syrup,  which  does  not  crystalhse  even 
after  several  months.  The  decomposition  takes  place  slowly  at  100°, 
more  quickly  at  130°;  between  105°  and  110°  it  takes  place,  even  if 
the  air  is  completely  excluded  and  replaced  by  hydrogen.  If  the  air 
has  access,  oxygen  is  absorbed,  and  (a  smaller  volume  of)  car- 
bonic acid  is  evolved.  (F.  Hoppe,  Chem.  Centr.  1860,  54.)  Yohl  {Ann. 
Pharm.  105,  334)  found  that  when  a  concentrated  solution  of  milk- 
sugar  was  heated  in  a  sealed  tube  to  nearly  200°  and  then  left  to  cool, 
the  brown  Uquid  no  longer  yielded  with  alcohol  a  precipitate  of  milk- 
sugar,  but  when  mixed  with  a  larger  quantity  of  alcohol,  it  deposited 
crystals  of  grape-sugar  [lactose  ?].  —  A  concentrated  solution  of 
milk-sugar  remains  unaltered  at  ordinary  temperatures  if  the  air 
is  excluded ;  but  if  exposed  to  the  aii',  it  turns  acid  in  the  course  of  a 
year  and  yields  grape-sugar.     (Lieben.) 

6.  Milk-sugar  distilled  with  5^cAroma^e  of  potash  said  sulphuric  acid 
yields  aldehyde.     (Guckelberger,  Ann.  Pharm.  64,  98.) 

7.  Aqueous  milk-sugar  distilled  with  iodine  and  bicarbonate  of 
potash,  yields  iodoform  (Millon,  Compt.  rend.  21,  828;  J.  pr.  Chem.  37, 
53).  —  la.  When  a  mixture  of  1  at.  milk-sugar,  4  at.  bromine,  and  water 
is  heated  to  1 00°  in  a  sealed  tube,  the  liquid  becomes  colourless,  and, 
on  opening  the  tube,  carbonic  acid  and  hydro-bromic  acid  escape,  with 
the  odour  of  bromide  of  ethyl.  The  residual  brominated  product  is 
strongly  acid,  decomposes  with  evolution  of  bromine  when  heated,  and 
cannot  be  obtained  pure.  When  recently  precipitated  oxide  of  silver  is 
added  to  it,  till  the  acid  reaction  disappears,  and  the  liquid  is  then 
filtered,  a  solution  free  from  bromine  is  obtained,  containing  a  silver 
salt,  winch,  when  freed  from  silver  by  sulphuretted  hydiogen  and 
evaporated,  leaves  an  acid  syrup.  This  acid  forms,  with  ammonia,  a 
salt  which  crystalHses  well  and  is  precipitated  by  basic  acetate  of  lead, 
— with  other  bases,  it  forms  uncrystallisable  salts.  (Hlasiwetz,  Ann. 
Pharm.  119,  281.)  The  acid  here  formed  is  isobigly  colethylenic  acid. 
(Bartli  &  Hlasiwetz,  Ann.  Pharm.  122,  96  ;  —  see  below  p.  232.)  7  h.  In 
chloiine  gas  milk-sugar  turns  red  and  afterwards  black,  giving  off 
hydrochloric  and  carbonic  acids.  From  the  aqueous  solution  of  the 
residue,  alcohol  precipitates  unaltered  milk-sugar.  By  passing  chlorine 
gas  through  a  warm  concentrated  aqueous  solution  of  milk-sugar,  a 
liquid  containing  hydrochloric  acid  is  obtained,  which  deposits  crystals, 
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having'  the  appearance  of  milk-sugar,  but  an  acid  reaction,     (Bouillon 
&  Vogel.)  I 

8.  With  strong  nitric  acid,  milk-sugar  forms,  not  xyloidin,  but  a 
very  bitter  substance  (Braconnot).  —  Heated  with  many  times  its 
weight  of  moderately  dilute  nitric  acid,  it  is  decomposed,  with  formation 
of  mucic,  saccharic,  tartaric,  oxalic  and  carbonic  acids,  and  the  decompo- 
sition-products of  nitric  acid. 

When  1  pt.  of  milk-sugar  is  heated  with  2\  pts.  nitric  acid  of  sp. 
gr.  1*32  and  2^  pts.  water  till  it  dissolves,  carbonic  acid  is  briskly 
evolved,  together  with  the  decomposition- products  of  nitric  acid,  and 
if  the  heating  be  continued,  mucic  acid  separates.  The  mother-liquor, 
after  the  addition  of  \  of  the  quantity  of  nitric  acid  used  at  the  com- 
mencement, gentle  boiling",  and  concentration,  yields  an  additional 
quantity  of  mucic  acid,  the  total  quantity  amounting  to  \  of  the 
weight  of  the  milk-sugar.  The  remaining  mother-hquors  and  wash- 
waters  boiled,  with  frequent  addition  of  nitric  acid,  as  long  as  samples 
taken  out  turn  brown  when  supersaturated  with  potash-ley,  contain 
tartaric  acid  (probably  formed  by  decomposition  of  the  saccharic  acid : 
Liehig\  also  oxalic  acid  and  a  small  quantity  of  saccharic  acid,  which 
last  is  present  in  greatest  quantity  immediately  after  the  separation 
of  the  mucic  acid.  (Liebig,  Ann.  Pharm.  113,  1.)  The  tartaric  acid 
appears  to  exist  in  the  nitric  acid  solution  as  metatartaric  acid  (x.  327), 
and  only  afterwards  to  be  converted  into  crystaUisable  tartaric  acid. 
(Erdmann,  /.  pr.  Chem.  79,  135.)  The  mucic  acid  is  produced  in 
greatest  quantity  when  dilute  nitric  acid  is  used  and  the  liquid  is  not 
very  strongly  heated,  whereas  carbonic  and  oxalic  acid  are  produced 
in  proportion  as  the  mucic  acid  diminishes.  (Liebig,  Pogg.  31,  349.) 
When  nitric  acid  containing  hydrochloric  acid  is  heated  with  milk- 
sugar,  a  volatile  cyanogen-compound  is  given  off  (Liebig). 

Nitric  acid  acts  on  milk-sugar  in  two  ways.  a.  It  converts  the 
greater  part  of  the  milk-sugar  into  mucic  acid,  which  then  undergoes 
further  decomposition,  yielding  tartaric  acid.  —  b.  The  smaller  portion 
of  the  milk-sugar  is  converted  by  the  nitric  acid,  as  by  other  acids, 
into  grape-sugar,  and  then  (like  the  latter)  yields  saccharic  acid, 
wdiich  also,  by  the  continued  action  of  the  nitric  acid,  may  be  trans- 
formed into  tartaric  acid  (Heintz,  Perl.  Akad,  Per.  1860,  263  ;  Chem. 
Centr.  1860,  726).  But  dilute  acids  convert  milk-sugar,  not  into 
grape-sugar,  but  into  lactose,  and  this  compound  treated  with  nitric 
acid  yields,  not  saccharic  acid,  but  mucic  acid  in  twice  the  quantity  of 
that  yielded  under  the  same  circumstances  by  milk-sugar  (Kr.). 

When  milk-sugar  is  treated  with  nitric  acid,  as  for  the  preparation 
of  mucic  acid,  the  dextro-rotatory  power  of  the  solution  is  increased  to 
if  of  its  original  amount  then  diminishes  and  vanishes  altogether,  but 
the  liquid  after  a  while  again  acquires  dextro-rotatory  power  equal  to 
\  of  the  original  amount,  which,  however,  likewise  vanishes,  if  the  action 
of  the  nitric  acid  is  continued,  without  reappearing.     (Dubrunfaut.) 

When  milk-sugar  is  heated  with  1  pt.  of  water  and  \  nitric  acid, 
of  30°  B.,  the  solution,  whose  formation  is  attended  with  evolution  of 
carbonic  acid  and  nitrous  gas,  leaves  when  evaporated  a  yellow  mass 
(soluble  in  liot  but  uot  in  cold  alcohol,  and  precipitated  from  the  hot  solution  in  the 
form  of  a  yellow  powder),  which  contains  neither  oxaHc  nor  malic  acid,  and 
docs  not  precipitate  baryta- water,  lime-water,  or  neutral  acetate  of 
lead.     (Bouillon  k  Vogel.) 
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Heiritz's  view  that  the  tartaric  acid  of  milk-sugar  proceeds  from 
the  mucic  acid  is  incorrect,  because  mucic  acid,  which  is  optically  in- 
active, yields  racemic  acid  when  treated  with  nitric  acid,  whereas 
milk-sugar  yields  dextro-tartaric  acid  with  only  a  slight  admixture  of 
racemic  acid  (Carlen,  Compt.  rend.  53,  343). 

9.  Oil  of  vitriol  poured  upon  milk-sugar  colours  it  brown  and  chars 
it  at  100°.  —  Dilate  sulphuric  acid  leaves  milk-sugar  unaltered  in  the 
cold,  even  after  several  weeks'  contact  (Bensch),  but  at  higher  tempera- 
tures, increases  its  rotatory  power  by  y\,  and  converts  it  into  a  pecu- 
liar fermentable  sugar  (Pasteur's  Lactose),  and  partially  into  a  dextro- 
rotatory, non-fermentable  substance  (Dubrunfaut).  —  The  lactose  thus 
produced  was  formerly  regarded  as  grape-sugar,  till  Bouchardat 
pointed  out  the  difference  between  the  two.  (Berthelofs  Chim.  organ. 
2,  240).  —  The  Uquid,  if  brought  into  the  fermenting  state  at  the 
moment  when  the  rotatory  pov/er  has  increased  to  -ff  of  its  original 
amount,  is  capable  of  yielding  a  quantity  of  alcohol  equal  to  37  per 
cent,  of  the  crystallised  milk-sugar ;  if  the  heating  with  dilute  sul- 
phuric acid  be  continued,  no  alteration  of  the  rotatory  power  takes 
place,  but  the  sugar  decomposes.  (Dubrunfaut.)  According  to  Persoz 
\j.  Chim.  me'd.  9,  419  ;  Be7'z.  Jahresher.  14,  380),  the  rotatory  power  of 
milk-sugar  is  increased  by  addition  of  acids,  diminished  by  boiling,  and 
is  smallest  when  the  milk-sugar  has  become  fermentable. 

10.  When  milk-sugar  is  covered  with  nitrosulphuric  acid,  and  the 
solution  is  precipitated  by  water,  a  compound  (nitrolactide)  is  formed, 
which  detonates  at  TS'"  (Reinsch),  not  below  100°  (Vohl),  crystalhses 
from  alcohol  in  nacreous  laminae,  does  not  give  up  its  crystallisation- 
water  at  100°,  but  when  its  alcoholic  solution  is  boiled  for  some  time, 
parts  with  its  water,  takes  up  alcohol  and  becomes  amorphous  (Vohl, 
Ann.  Pharm.  70,  368;  Reinsch,  Jahrh.  pr.  Pharm.  18,  102).  The  nitro- 
compounds formed  from  milk-sugar  behave  when  heated  like  ternitro- 
dulcite.     (Bechamp,  Compt.  rend.  51,  258.) 

11.  With  concentrated  hydrochloric  ace'f?,  milk-sugar  becomes  brown 
and  black,  and  by  boihng  with  the  dilute  acid,  it  is  converted  into 
ordinary  sugar.  (A.  Vogel.)  — 12.  Triturated  Avith  glacial  p)hosphoric 
acid,  it  turns  red  but  does  not  carbonise  (A.  Vogel,  J.  Pharm.  1,  199)  ; 
with  moist  arsenic  acid,  it  burns  brown.  (Eisner.)  With  arsenious  acid 
it  behaves  like  cane-sugar.  (Baumann.)  — 13.  By  boiling  with  aqueous 

,         iodic  acid,  it  is  slowly  oxidised.  (Millon,  Compt.  rend.  19,  271.)  —  14. 
j         When  triturated  with  2  pts.  chlorate  of  potash,  it  is  set  on  fire  by  oil  of 
vitriol.    (Bouillon  &  Vogel.) 

15.  Acetic  acid  does  not  convert  aqueous  milk-sugar  into  grape- 
sugar  (lactose)  even  when  heated  (A.  Vogel ;  Struckmann  &  Bodeker, 
I  Ann.  Pharm.  97,  152).— When  milk-sugar  is  heated  for  50  —  60 
hours  to  100° —  120°  with  glacial  acetic  acid,  butyric  acid  or  tartaric  acid, 
water  is  eliminated,  and  compounds  are  formed  analogous  to  those 
produced  under  similar  circumstances  by  grape-sugar.  (Berthelot, 
N.  Ann.  Chim.  Phys.  54,  82;  and  60,  98.) 
When  tartaric  acid  is  heated  with  milk-sugar  and  the  product  is 
treated  in  the  manner  described  under  "  Dulcite,"  two  compounds  are 
obtained  under  slightly  different  circumstances,  a,  Galactoso-tetratar- 
\ 
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taric  acid  C^^H^oO"  is  produced,  with  elimination  of  5  at.  water,  from 

I  at.  milk-sugar  and  4  at.  tartaric  acid,  C^^h^O^^  +  4C»H«0»2  —  5H0. 
The  hme-salt  of  this  acid  gives  off  19-2  p.  c.  water  at  110°,  and  then 
contains  27-3  p.  c.  C,  5*2  H,  and  17*2  p.  c.  lime,  corresponding  to  the 
formula  C**PP*Ca«0^  +  lOAq.  (calc.  28-3  0,  3*6  H  and  IS'OCaO). — 
h.  Trigalacto-tetratartaric  acid  C^H*^0'°,  produced,   with  ehmination  of 

II  at.  water,  from  3  at.  milk-sugar  and  4  at.  tartaric  acid,  3C^'^H"0^^  + 
4C^H^0^^  —  IIHO.  Its  lime-salt  (which  reduces  potassio-cupric  tartrate 
and  yields  with  nitric  acid  a  large  quantity  of  mucic  acid)  contains, 
when  dried  at  110^  34-1  p.  c.  C,  4-5  H  and  9-2  lime  (C««H«Ca*0'«  + 
10  aq.  =  34-6C,  4-4H,  9-5CaO)  (Berthelot,  N.  Ann.  Chim.  Phys.  54,  82  ; 
abstr.  Compt.  rend.  45,  268  ;  J.  pr.  Chem.  73,  159  ;  Chem.  Gaz.  1857, 
441).  In  this  Memoir,  Berthelot  gives  for  jsalactoso-tetratartaric  acid  and  its  lime- 
salt,  the  formulae  C^R^^O''^  and  iym^^Ca?O^^A^O,  and  for  trigalacto-tetratartaric 
acid  and  its  lime-salt,  C^^H^go^s  and  C^^U.'^^Cd?0^'^2YL0.  The  formulae  above  given  are 
from  Berthelot's  Chimie  organique  2,  296. 

16.  Milk-sugar  heated  in  a  sealed  tube  with  aqueous  ammonia,  yields 
a  brown  nitrogenous  product,  corresponding  to  that  obtained  in  like 
manner  from  cane-sugar.  (P.  Thenard,  Bidl.  Soc.  Chim.  Paris,  1861,  42.) 

17.  Milk-sugar  heated  with  potassium  or  sodium,  carbonises  w^ith 
faint  glow,  and  converts  the  metal  into  alkali.  (Gay-Lussac  &  Thenard.) 

18.  Crystallised  milk-sugar  triturated  with  an  equal  weight  oi potash- 
hydrate  remains  unaltered ;  but  on  adding  half  its  weight  of  water,'  the 
mass  becomes  heated  to  115°,  and  a  brown  solution  is  formed,  contain- 
ing carbonic  acid,  acetic  acid,  and  a  brown,  somewhat  bitter  substance, 
which  is  insoluble  in  alcohol  and  ether,  deliquesces  in  the  air,  is  deco- 
lorised by  chlorine,  and  forms  precipitates  with  tin,  lead,  mercury,  and 
silver  salts.  (Bouillon  &  Yogelj.  —  When  milk-sugar  is  heated  to  100°  with 
excess  of  alkali,    1^  at.   alkali   is  saturated  by  1  at.  milk-sugar  (C^^).  (Dubrunfaut.) 

When  more  strongly  heated  with  4  or  5  pts.  hydrate  of  potash  and  a 
small  quantity  of  water,  it  is  decomposed,  with  evolution  of  hydrogen 
and  formation  of  oxalic  acid.  (Gay-Lussac,  Ann.  Chim.  Phys.  41,  398.) 
Milk-sugar  triturated  with  potash-hydrate  and  water,  forms,  witli 
rise  of  temperature,  a  brow^n  liquid  from  which  alcohol  throws  down 
a  thick  brown  syrup,  while  acetate  of  hme  remains  in  solution.   (See 

also  Combinations,  p.  225.) 

19.  Milk-sugar  is  not  altered  hj  permanganate  of  potash.  (Monier, 
Compt.  rend.  46,  425 ;  J.  pr.  Chem.  73,  478.) 

20.  Aqueous  milk-sugar  mixed  with  cupiic  sulphate  [hydrate  (Bec- 
qyii&cQi,  Ann.  Chim.  Phys.  47,  17;  Berz.  Jahresher.  12,  321),  chloride  or 
acetate  (Baumanu)],  then  with  excess  of  potash-hydrate,  yields  [if  at 
least  2  at.  milk-sugar  (Ci2H"0",H0)  are  present  for  every  5  at.  cupric 
oxide  (Stadeler  &  Krause)],  a  deep  blue,  clear  solution  which,  when 
heated,  deposits  cuprous  oxide  (Trommer,  Ann.  Pharm.  39,  360);  if 
the  cupric  oxide  is  in  excess,  the  milk-sugar  is  converted  into  galactic 
acid;  with  an  insufficient  quantity  of  cupric  oxide,  pectolactic  acid 
is  likewise  formed  (Bodeker  &  Struckmann,  Ann.  Pharm.  100,  264; 
J.  pr.  Chem.  70,  420.) 

Cupric  acetate  and  nitrate  are  reduced  by  milk-sugar  at  the  boiling 
heat,  even  without  addition  of  potash  (A.  Vogel,  Buchner) ;  according 
to  Baumann,  the  acetate  is  not  thus  reduced,     With  the  nitrate,- 
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according  to  A.  Yogel  &  Bucliner, — with  cupric  hydrate  and  potash 
according  to  Becquerel,  metalhc  copper  is  produced  as  well  as  cuprous 
oxide. — From  cyanide  of  copper  and  potassium,  milk-sugar  does  not 
separate  cuprous  oxide  (Baumann). 

When  tartaric  acid  is  added  to  the  solution  of  cupric  sulphate  in 
such  proportion  that,  on  supersaturating  with  potash,  the  whole  remains 
dissolved,  and  no  cupric  or  cuprous  oxide  is  separated  on  boiling  (for 
which,  according  to  Stiideler  &  Krause,  3  at.  tartaric  acid  are  required 
for  every  1  at.  cupric  oxide),  then  also  8  at.  hydrate  of  potash,  milk- 
sugar  does  not  precipitate  any  cuprous  oxide  from  the  solution  at  the 
boiUng-heat.  If  1  at.  more  of  potash-hydrate  be  added  for  each  1  at. 
cupric  oxide,  and  the  solution  containing  milk-sugar  be  then  heated  to 
60°,  the  hquid  becomes  turbid  and  deposits  a  yellowish  precipitate^ 
which  acquires  a  dingy  orange-colour  on  boihng ;  it  is  not  till  the  solu- 
tion contains  3  at.  free  alkali  to  1  at.  cupric  oxide  that  it  yields,  when 
heated  with  milk-sugar,  a  jorecipitate  of  cuprous  oxide,  which  rapidly 
falls  to  the  bottom  (Stadeler  and  Krause). 

From  these  or  similarly  prepared  solutions  (see  Glucose),  1  at.  milk- 
sugar  (C*^H"0",HO)  reduces  7  at.  cupric  oxide  (Rigaud,  Ann.  Pharm. 
90,  297 ;  Stiideler  &  Krause  ;  Schiff,  Anii.  Pharm.  104,  330).  Accord- 
ing to  earlier  determinations  by  Bodeker  {N.  Zeitsch.  f.  rat.  Med.  G) 
201 ;  Kopp's  Jahresher.  1858,  818),  1  at.  milk-sugar  reduces  7*5  at. 
According  to  his  later  determinations  {Ann.  Pharm.  100,  264),  it  reduces 
6f  at.  cupric  oxide.  The  quantity  of  oxide  reduced  is  influenced  by 
the  duration  of  the  boiling,  and  varies  between  7*62  and  7*96  at. 
Hence,  for  the  estimation  of  milk-sugar,  by  means  of  potassio-cupric 
tartrate,  it  must  be  converted  into  grape-sugar  (lactose)  (Fehhng-, 
Ann.  Pharm.  104,  79).  On  the  estimation  of  milk-sugar  by  means  of  potassio-^ 
cupric  tartrate,  see  also  Poggiale  {Comp.  rend.  28,  505  ;  J.  pr.  Chem,  47,  13)  ; 
Neubauer  (iV.  Br.  Arch.  72,  277). 

21.  When  aqueous  milk-sugar  is  heated  above  60°  with  oxide  of  lead, 
it  becomes  brown  and  empyreumatic.  (Berzelius.)  —  22.  Aqueous 
milk-sugar  boiled  with  mercuric  oxide  reduces  it  but  partially  to  mercu- 
rous  oxide  (A.  Vogel),  but  after  addition  of  potash,  to  metal.  (Bec' 
querel.)  It  does  not  alter  mercurous  nitrate  (Baumann).  —  23.  Nitrate, 
of  silver  and  nitrate  of  argentammonium  are  reduced  by  heating  with 
aqueous  milk-sugar ;  with  bichloride  of  platinum,  on  addition  of  ammonia, 
a  deep  red  precipitate  is  obtained.     (Baumann.) 

24.  Milk-sugar  is  not  brought  into  the  state  of  vinous  fermenta- 
tion by  small  quantities  of  yeast,  but  with  larger  quantities  it  ferments, 
at  30°,  less  quickly  than  grape-sugar,  yielding  alcohol  and  carbonic 
acid.  Yeast  does  not  cause  milk-sugar  to  ferment.  (Fourcroy  &  Vauquelin,  N.  Gehl. 
2,  646  ;  Buchholz,  Schw.  4,  350  ;  Bouillon-Lagrange  &  Vogel.)  In  a  mixture  of 
milk-  and  grape-sugar,  yeast  decomposes  the  latter,  while  the  milk-sugar  remains  unal- 
tered. (Berthelot,  A^.  Ann.  Chim.  Phys.  50,  363.)  Milk-sugar  dissolved  in  water, 
together  with  its  own  weight  of  yeast,  begins  to  ferment  at  30°  (Cagniard  de  Latour, 
Inst.  237,  224);  mixed  with  18-8  p.  c.  of  its  weight  of  washed  upper  yeast  {Oberhefe), 
it  yields  between  12°  and  25°,  alcohol  and  saccharic  acid.  (Schill,  Ann.  Pharm. 
31,132,) 

The  milk-sugar  in  whey  ferments  spontaneously  after  a  while  ; 
the  fermentation  may  also  be  induced  by  addition  of  casein,  the  pro- 
ducts being  lactic  acid,  alcohol,  and  carbonic  acid.   For  details  on  the  lactous 

fermentation,  see  Cane-sugar,  also  xi,  473. 

Milk  likewise  fei'inents  spontaneously,  and  without  addition  of 
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yeast,  and  yields  alcohol  (Kowsky,  Aim.  1783,  65 ;  Cagniard  dc 
Latour),  still  more  on  addition  of  milk-sugar  (Hess,  Fogg.  41,  194 ; 
Ann.  Phmm.  21,  158).  Spirit  prepared  by  the  spontaneous  fermenta- 
tion of  mare's  milk  in  sheep-skin  bags,  and  subsequent  distillation,  is  the 
kumis  of  the  Kalmucks  (comp.  G.  Rose,  Pogg.  32,  210).  In  this  fermen- 
tation Poggendorff  {Pogg.  32,  209),  Boutron  &  Fremy  {N.  Ann.  Chun. 
Phys.  2,  257),  and  others  suppose  that  the  formation  of  the  alcohol  is 
preceded  by  conversion  of  the  milk-sugar  into  grape-sugar.  —  The 
ferment  which  induces  the  spontaneous  fermentation  of  milk  is  like- 
wise found  in  milk  which  has  been  curdled  out  of  contact  with  the 
air;  when  decomposed  by  heating-  to  130°,  it  is  reproduced  on  expos- 
ing the  liquid  to  the  air.     (Hoppe.) 

Milk-sugar  fermented  by  contact  with  putrid  casein  or  glutin  at 
15° — 20°,  yields  alcohol.  (Schill.)  Milk-sugar  mixed  with  cheese 
and  chalk,  or  with  the  tissue  of  the  pancreas,  yields  alcohol  and  lactic 
acid,  together  with  a  pecuHar  jelly,  but  no  mannite.  (Berthelot.)  In 
the  fermentation  of  whey,  whether  spontaneous,  or  induced  by  yeast, 
cheese,  or  a  mixture  of  cheese  and  chalk,  alcohol  is  obtained  as  well 
as  lactic  acid,  but  in  variable  quantity,  and  less  if  the  acid  is  neutra- 
lised as  fast  as  it  is  formed.  The  more  dilute  the  whey,  the  more 
does  the  alcoholic  fermentation  predominate ;  it  is  induced  by  the 
remains  of  the  casein,  which  change  to  yeast,  but  soon  become 
inactive.  (Luboldt.)  In  this  reaction  the  milk-sugar  is  not  converted 
into  grape-sugar  (or  lactose),  but  exists  as  milk-sugar  in  the  hquid  at 
all  stages  of  the  fermentation.  (Bertlielot ;  Luboldt,  J.  pr.  Chem.  77, 
282.)  When  milk,  after  standing-  for  11  days,  is  precipitated  with  a 
large  quantity  of  alcohol,  and  the '  filtrate,  after  evaporation  to  a 
syrup,  likewise  treated  with  alcohol,  unaltered  milk-sugar  is  precipi- 
tated, which  could  not  therefore  have  been  converted  by  the  fermenta- 
tion into  another  kind  of  sugar.  (Hoppe,  Arch,  pathol.  Anal.  17,  417  ; 
abstr.  Kopp's  Jahresher.  1859,  627.)  In  the  solution  of  milk-sugar, 
brought  into  the  fermenting  state  by  cheese,  yeast,  or  glutin,  Schill 
formerly  found  grape-sugar. 

Washed  calf's  rennet  in  contact  with  aqueous  milk-sugar  at  40°, 
forms  lactic  acid,  without  evolution  of  gas  (Fremy,  J.  l'har?n.  25,  599  ; 
Ann.  Pharm.  31,  188)  ;  also  the  expressed  juice  of  brown  cabbage  or 
fresh  geranium-leaves,  after  addition  of  chalk.  (Wackenroder.)  White 
of  egg  scarcely  alters  a  solution  of  milk-sugar  mixed  with  chalk,  in 
six  weeks,  but  if  coagulated  and  turned  sour  under  water,  it  produces 
lactic  acid.     (Wackenroder,  N,  Br,  Arch.  46,  257.) 

25.  In  contact  with  Schunck's  erythrozym  (from  madder),  milk-sugar 
ferments,  producing  carbonic  acid,  hydrogen,  alcohol,  formic  acid, 
acetic  acid,  and  succinic  acid,  and  generally  the  same  products  that  are 
obtained  from  cane-sugar.  (Schunck,  Phil.  Mag.  J.  [4],  8,  161 ;  J.  jyi'- 
Chem.  63,  222.)  For  further  details  see  Cane-sugar,  p.  267. — 26.  Milk-SUgar  is 
not  altered  by  gastric  juice.  (Hoppe.)  On  the  decompositions  in  the  intes- 
tines, blood,  and  pancreatic  juice,  see  Handbuch  viii,  Zoochem.  553  and  589. 

Cornhinations.  A.  With  Water.  a.  Crystallised  Milk-sugar.  — 
Colourless  or  white  crystals  belonging  to  the  right  prismatic  system. 
Hardness  between  rock-salt  and  calcspar.  Grates  between  the  teeth. 
Sp.  gr.  1-534  (Schabus) ;  1*543  at  13*9°,  (according  to  Joule  &  Playfair). 
Its   taste  is   shghtly  sweet    and    rather    sandy.       Dextro-rotatory 
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power  [oc]j  =  56'4'',  vid.  inf..  p,  2-15.  For  the  expansion,  according  to 
Play f air  &  Joule,  see  Chem.  Soc.  Qu.  J.  1,  121  ;  Lieb.  Kopp.  Jahresher. 
1847—1848,  p.  57. 

The  crystals  are  hemihedral  and  heniimorphous.  Of  the  rhombic 
octahedron,  a  {Jig.  41),  the  upper  half  is  altogether  wanting ;  of  the 
lower  half,  onlj^  the  face  a  and  its  opposite  to  the  right  behind  are 
present,  together  with  the  pairs  of  faces  t  and  m  (fig.  53)  and  the 
horizontal  face  ii  from  figure  52.  In  these  latter,  the  faces  of  the  upper 
half  are  more  strongly  developed  than  those  of  the  lower  half,  whereas 
with  the  ^f aces,  the  contrary  is  the  case.  The  face  t  is  mostly  curved, 
and  in  the  larger  crystals,  striated  parallel  to  the  combination-edge 
with  a,  which  latter  is  also  striated  parallel  to  its  combination-edge 
with  m. ;  hence  the  measurements  are  only  approximate ;  a  :  «  over  t 
=  23°  22';  a:  m  =  109°  1' ;  a  :  t  =  101°  41';  ii  :  ii  over  t  = 
39°  18'  obs.,  38°  6'  calc;  ii :  t  =  109°  39';  ii :  m  =  160°  21'  obs. ; 
160°  57'  calc.  The  differences  between  these  angular  data  and 
those  given  by  Rammelsberg,  arise  from  Rammelsberg  having 
used  somewhat  different  parameters  for  the  faces  ii.  —  Cleavage 
parallel  to  7n.  The  faces  t,  ii,  and  m,  have  in  the  larger  crj^stals,  a 
splendid  mother-of-pearl  lustre,  which,  in  the  smaller  crystals,  inclines 
strongly  to  vitreous;  a  with  unctuous  or  mother-of-pearl  lustre. 
(Schabus,  Bestimmimg,  49;  Bamrnelsherg^s  Nachtrag,  219.)* 

Permanent  at  mean  temperatures  and  at  100°  ;  gives  off  its  water 
slowly  at  130°,  more  quickly  between  140°  and  145°,  amounting  on  the 
average  to  5-08  p.  c.  (1  at.  =  5*00  p.  c.)  and  is  converted  into  anhy- 
drous milk-sugar. 


At  mean  temperature  or  at  100°. 

12  C 72 

12  H 12 

12  O 96 


Liebig.  Berzelius. 

40-00     39-36  ....     3873 

6-66     6-67  ....       7-16 

53-34     53-97  ....     5411 


Ci^HUQU  HO  180 


100-00 


100-00 


100-00 


Gay-Lussac 
&  Thenard. 


Berthollet. 


Prout. 


Sfadeler  &  Krause. 
a.  b. 


Dubrunfaut. 


C  38-02     41-13     39-15     39-68     40-07     39'70 

H    7-34     6-76     6*67     6-77     6-70     6-67 

O  54-64     5211     5418     53-55     53-23     53-63 


100-00     100-00     100-00     100-00 

a.  Air-dried  J  b,  dried  at  100'  (Stadeler  &  Krause). 


100-00     100-00 


b.  Aqueous  Milk-sugar. — Crystallised  milk-sugar  is  slightly  hygro- 
scopic. It  dissolves  in  5  or  6  pts.  of  cold  and  in  2-5  pts.  boihng  water  ; 
according  to  Guerin-Varry,  in  9  pts.  water  at  20°,  and  in  1  part  boiling 
water.  The  saturated  solution  produced  by  prolonged  contact  of 
water  with  excess  of  milk-sugar  at  10°,  has  a  density  of  1*055  and 
contains  14-55  p.  c.  of  crystalUsed  milk-sugar.     When  left  to  evapo- 


•  The  formula  of  the  ci7stals,  according  to  Naumann's    notation,    is  oo  P  oo  •  ^ 


oP.  2Poo  .     Inclination   of  oP  :  2Poo  =  109°  39' 

axes,  a:  b-.  c  =  0-6215:  1   :  0-2193.     (Schabus.) 
VOL.  XV. 


oP:   J 


lOlMl.     Ratio   of 
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rate,  it  beg-ins  to  deposit  crystals  as  soon  as  it  attains  the  density  of 
1-063  and  contains  21-64  p.  c.  milk-sugar.  (Dubrunfaut.)  Whenmilk- 
sngar  dissolves,  heat  is  evolved,  according  to  Dubrunfant ;  according 
to  Pohl  (X  pr.  Chem.  82,  154),  175-2  grm.  milk-sugar  dissolved  in 
1-051  kilogs.  water  at  16-5  lowers  the  temperature  to  15-62°.  —  The 
dextro-rotatory  power  of  a  recently  prepared  aqueous  solution  of  milk- 
sugar  is  greater  in  the  ratio  of  8  to  5  than  that  of  the  same  solution 
after  standing  for  some  time  or  after  being  heated.  The  rotatory 
230wer  diminishes  slowly  at  0°,  more  quickly  on  heating,  and  in  two 
minutes  at  the  boiling  heat,  to  that  of  [oC]j  =  56°  4'  for  crystallised 
milk-sugar.  (E.  0.  Erdmann,  Lieh.  Kopp.  Jahresher.  1855,  671 ;  Dubrun- 
faut.) A  warm  saturated  solution  of  milk-sugar,  kept  for  10  minutes 
in  a  sealed  tube  crystallises  when  the  tube  is  opened,  and  partially 
when  the  temperature  is  raised  from  —  10  to  -|-  18°.    (Lieben.) 

B.  With  Acids.  —  Pulverized  milk-sugar  absorbs  hydrochloric  acid  gafi 
turning  slightly  grey,  and  if  oil  of  vitriol  is  afterwards  poured  upon  it 

ogives  off  hydrochloric  acid  with  violent  effervescence.    Aqueous  hydrochloric 
acid  dissolves  milk-sugar  more  freely  than  pure  water.     (Bouillon  &  Vogel.) 

C.  With  Bases.  Milk-sugar  unites  with  bases,  giving  off  water  at 
the  same  time  (Berzehus,  Brendecke).  With  aqueous  alkalis  or  alka- 
line earths,  if  the  temperature  be  kept  low  and  the  action  not  too  long- 
continued,  compounds  of  milk-sugar  may  be  formed  which  have  less 
rotatory  power  than  the  milk-sugar  contained  in  them,  yield  unaltered 
milk-sugar  when  decomposed,  and  contain  3  at.  potash  or  soda  to  1  at. 
milk-sugar,  C^^ff^O"  (Dubrunfaut,  vid.  inf.). 

Milk-sugar  absorbs  12-4  per  cent,  ammonia-gas,  of  which  5-8  per 
cent,  volatihses  after  exposure  to  the  air  for  two  hours,  the  rest 
remaining  more  intimately  combined  (Berzelius). 

Potassium-compound. — The  solution  of  1  pt.  potash-hydrate  in  3  pts. 
water  dissolves  7  pts.  of  milk-sugar,  and  yields  a  precipitate  with 
alcohol  after  dilution  with  a  small  quantity  of  water.  The  flocculent, 
strongly  alkahne  precipitate,  easily  soluble  in  water,  is  decomposed  by 
carbonic  and  other  acids,  with  separation  of  milk-sugar.   (Brendecke.) 

Sodium-compound. — The  solution  of  1  pt.  soda-hydrate  in  3  pts. 
water  dissolves  from  20  to  21  pts.  milk-sugar  and  is  then  precipitable 
by  alcohol  (Brendecke). 

Brendecke. 

NaO  31     8-12     8'3 

C24H23023   351      91-88 

C24H22o22,NaO,HO  382     100-00 

Milk-sugar  does  not  unite  with  common  salt  (Stadeler  &  Krause). 

Barium-compound. — Milk-sugar  is  triturated  with  bai-yta- water,  and 
the  filtrate  precipitated  with  alcohol.  Contains  40-00  per  cent,  baryta, 
and  is  therefore  C^^H^^qz^^  2BaO  (calc.  40-15  BaO)  (Brendecke). 

Calcium-compound.— ''M.\\^^-^\xgQ,v  forms,  with  lime,  a  soluble  com- 
pound containing  equal  numbers  of  atoms  of  lime  and  milk-sugar 
(C^*II"0^^)  and  an  insoluble  basic  compound  which  is  obtained  by  treating 
milk-sugar  with  a  large  quantity  of  dry  hydrate  of  lime  (Dubrunfaut). 
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When  aqueous  milk-sugar  is  added  to  milk  of  lime  till  the  latter  is 
nearly  dissolved,  alcohol  throws  down  from  the  filtrate  a  precipitate 
containing  15'7  per  cent,  lime  (Brendecke.)  The  solution  of  lime  in 
milk-sugar  deposits,  on  exposure  to  the  air,  crystals  of  quinto-hydrated 
carbonate  of  lime  (Pelouze,  Ami.  Chim.  Phys.  48,  307). 

Lead-compound. — When  milk-sugar  is  digested  with  oxide  of  lead 
and  water  at  50°,  a  soluble  compound  is  obtained,  together  with 
another  suspended  in  the  Hquid.  The  latter,  obtained  by  filtration  in 
air  free  from  carbonic  acid,  is  gummy,  becomes  grey  and  translucent 
when  dry,  turns  yellow  and  gives  off  water  at  100°,  and  then  contains 
63*52  per  cent.  PbO.  The  solution,  which  has  a  sweet,  alkaline, 
astringent  taste,  leaves,  when  evaporated  in  vacuo,  a  yellow  gum 
soluble  in  water,  and  containing  18"  12  per  cent.  PbO.  Fr^m  its  solu- 
tion, ammonia  precipitates  the  insoluble  compound  (Berzelius,  Lehrh. 
3  Aufl.  9,  690).  Dubrunfaut  doubts  whether  these  compounds  still 
contain  unaltered  milk-sugar. 

Milk-sugar  hinders  the  precipitation  of  ferric  salts  by  alkalis. 
(H.  Rose.)      On  the  compound  with  cupric  oxide,  vid.  sup. 

Milk-sugar  dissolves  readily  in  distilled  vinegar,  and  crystaUises 
unaltered  on  evaporation  (Bouillon  &  Vogel). 

Milk-sugar  is  insoluble  in  alcohol  and  ether. 


Appendix  to  Milk-sugar. 

1.  Lactose. 

Pasteur  (1856).     Compt.  rend.  42,  347;  Inst.  1856,  91;  J.  pr.  Chem. 
68,  427 ;  Chem.  Centr.  1856,  253. 

Gallactose  (Berthelot),  Mucoglucose.  —  According  to  Berthelot,  Bouchardat  was 
the  first  to  distinguish  lactose  from  grape-sugar.  —  Lactose  is  perhaps  identical  with  the 
sugar  produced  by  boiling  gum  with  dilute  acids  (p.  199).  (Berthelot,  Chim.  org. 
2,  249).  —  E.  O,  Erdmann  {Lieh.  Kopp.  Jahresber.  1855,  672)  likewise  recognised  the 
pecuUar  properties  of  lactose  before  Pasteur. 

Milk-sugar  is  boiled  for  several  hours  with  4  pts.  of  water  and 
2  per.  cent,  oil  of  vitriol,  the  liquid  neutralised  with  chalk,  the  filtrate 
evaporated  to  a  syrup,  and  then  left  to  crystalHse. 

Lactose  crystalUses  more  readily  than  grape-sugar,  in  nodules 
consisting  of  microscopic,  limpid,  rectangular  prisms  acuminated  at  the 
ends, — more  generally  of  six-sided,  round-edged  laminss  having  a  pea- 


shaped  protuberance  in  the  middle.     Dextro-rotatory  power 
83*22°  at  15°;  in  the  recently-prepared  solution  it  is  stronger 
139*66°,  but  sinks  to  the  former  magnitude  slowly  at  ordinary  tempe- 
ratures ;  instantly  on  boiling. 

Lactose  yields  with  nitric  acid  twice  as  much  mucic  acid  as  milk- 
sugar.  —  From  an  alkaline  solution  it  reduces  as  much  cupric  oxide  as 
grape-sugar.  —  It  ferments  in  contact  with  yeast.     If  the  fermentation 

Q2 
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be  interrupted  before  it  is  complete,  the  liquid  still  contains  unaltered 
lactose,  which  therefore  has  not  undergone  any  division  or  further 
alteration  during  the  fermentation.  In  this  fermentation,  the  same 
products  are  formed  as  in  the  fermentation  of  cane-sugar.  (Pasteur, 
N.  Ann.  Chim.  Pht/s.  58,  356.) 

Lactose  dissolves  in  tvater.     It  does  not  combine  with  chloride  of 
sodhim,  and  dissolves  but  very  sparingly  in  cold  cdcohol. 


2.  Lactocaramel. 

A.  Lieben.     (1856.)     Wien.  Akad.  Ber.  18,  180 ;  ./.  pr,  Chem.  68,  407  ; 
Chem.  Cenir.  1856,  548. 

Anhydrous  Milk-sugar  (Berzelius,  Lehrb.  3  Aufl.  9,  690).  ■ 

Formed,  together  with  variable  quantities  of  anhydrous  milk-sugar 
and  a  substance  insoluble  in  water,  by  heating  milk-sugar  to  between 
170°  and  180". 

Milk-sugar  is  heated  for  several  hours  to  180°  ;  the  pulverised 
residue  is  exhausted  with  boiling  alcohol ;  the  insoluble  portion  which 
has  deliquesced  to  a  syrup,  is  dissolved  in  water ;  and  the  filtrate  is 
evaporated. 

Dark  brown,  brittle,  shining  mass,  becoming,  after  trituration,  of  a 
lio'hter  brown  than  caramel. 


24  C 

at  100°. 
144     .... 

...     44-44     ... 
...       6-17     ... 
....     49-39     ... 

Lieben. 
....     44-36 

20  H    

20     .... 

....       6-26 

20  O    .... 

160 

49-38 

C'''H-'»O20 

324     .... 

....  100-00     ... 

....  100-00 

I 


Lacto-caramel  is  converted  by  heat  into  a  substance  insoluble  In 
water,  gradually  at  170°,  more  quickly  at  temperatures  above  200°. 
This  insoluble  substance  is  likewise  produced  in  the  preparation  of 
lacto-caramel.  It  dissolves  in  nitric  acid,  partially  in  potash-ley,  and 
is  precipitated  therefrom  as  red-brown  powder  by  hydrochloric  acid. 
It  is  quickly  decomposed  by  dilute  sidphuric  acid  and  hichromate  of 
potash,  with  formation  of  chromic  oxide. 

Lacto-caramel  dissolves  readily  in  water  and  is  precipitated  as  a 
brown  gum  by  alcohol. 

Aqueous  lacto-caramel  does  not  precipitate  baryta-water. 

Lead-compound.  —  Aqueous  lacto-caramel  precipitates  from  ammo- 
niacal  sugar  of  lead  a  coffee-coloured  powder,  which  when  treated  with 
cupric  acetate  forms  the  copper-compound  of  lacto-caramel.  It  dis- 
solves readily  in  acids,  but  is  insoluble  in  water  and  in  alcohol. 

Copper-compound.  —  Aqueous  protochloride  of  copper  is  mixed  in 
the  cold  with  a  large  excess  of  concentrated  soda-ley,  and  the  mixture 
is  precipitated  with  aqueous  lacto-caramel.  —  The  compound  is  also 
produced  when  aqueous  cupric  acetate  is  poured  upon  the  lead-corn- 
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pound  of  lacto-caramel.  —  Olive-green  powder  wliicli  gives  off  o*55  p.  c. 
water  at  100°,  and  7*85  p.  c.  at  150°,  acquiring  a  darker  coloiu',  and 
blackening  at  a  higher  temperatnre.  —  It  is  nearly  insoluble  in  water. 
By  boiling  it  for  some  time  with  water,  a  solution  is  obtained,  which 
does  not  yield  the  compound  by  evaporation,  but  on  addition  of  alcohol 
deposits  green  flocks,  easily  soluble  in  water. 


» 


24  C 

In  vacuo. 
144-0     ... 

....     34-17     ... 
....       5-22     ... 
....     41-77     ... 
....     18-84     ... 

Lieben. 
....     34-26 

22  H 

22-0     ... 

519 

22  0 

176-0     ... 

42-68 

2  CuO    .  .     . 

79-4     ... 

....     17-87 

C24H22Cu2024     .. 

24  C 

421-4     ... 

at  150°. 
144-0     ... 

....  100-00    ... 

....     37-36     ... 
....       4-67     ... 
....     37-37     ... 
....     20-60     ... 

....  100-00 

Lieben. 
36-74 

18  H 

18-0     ... 

4-69 

18  O 

144-0     .... 

....     38-79 

2  CuO    

79-4     .... 

....      19-78 

C^-^HisCu^O-o    .. 

385-4     ... 

....  10000     ... 

10000 

3,  Gallactic  Acid. 

C^*H«0»  or  C^^ff^O"? 

BoDEKEB  &  Struckmann.     Ann.  Pharm.  100,  264 ;  J.  pr.  Chem.  70, 
414. 

Produced  when  milk-sugar  is  oxidised  by  cupric  oxide  in  an  alkaline 
solution. 

200  grm.  milk-sugar  are  dissolved,  together  with  1200  grm.  cupnc 
sulphate  in  warm  water ;  soda-ley  is  added  till  the  precipitate  at  first 
produced  is  redissolved ;  the  liquid  is  heated  to  boiling  and  filtered 
from  the  precipitated  cuprous  and  cupric  oxides ;  and  the  filtrate  is 
evaporated  till  as  much  as  possible  of  the  sulphate  of  soda  has  been  re- 
moved by  crystallisation.  The  mother-liquor  is  precipitated  with  ace- 
tate of  baryta,  freed  from  humoid  substances  by  the  addition  of  a  small 
quantity  of  neutral  acetate  of  lead,  and  after  filtering,  mixed  with  excess 
of  that  salt,  whereby  gallactate  of  lead  is  precipitated, — whereas,  if 
the  quantity  of  cupric  sulphate  added  is  insufficient  for  complete  oxida- 
tion, pectolactic  acid  (p.  231)  remains  in  solution  and  may  be  precipitated 
by  basic  acetate  of  lead.  From  the  washed  gallactate  of  lead,  the  acid 
may  be  separated  by  decomposing  the  salt  with  hydrosulphuric  acid 
under  water,  evaporating  the  filtrate,  redissolving  in  alcohol,  and  again 
evaporating,  if  the  product  is  still  contaminated  with  residues  of  soda,  baryta,  or 
pectolactic  acid,  it  must  be  reprecipitated  with  neutral  acetate  of  lead,  and  the  precipi- 
tate decomposed  as  above. 

Pale  yellow,  inodorous,  strongly  acid  syrup. 

Heated  on  platinum-foil,  it  smells  like  burning  malic  acid,  takes  fire 
and  leaves  a  residue  of  charcoal.  —  Not  altered  by  potassio-cvpric 
tartrate. 

Soluble  in  all  proportions  in  water. 
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With  bases  it  forms  the  gallactates.  These  salts,  according  to 
Bodeker  &  Struckmann,  are  bibasic,  C^^H^M^O*,  amorphous  and  mostly 
dehquescent. 

The  aqueous  acid  does  not  precipitate :  baryta-water,  the  hydro- 
chlorates  of  lime,  baryta,  zinc-oxide,  ferric  oxide  and  mercuric  oxide, 
or  cupric  sulphate,  or  nitrate  of  silver ;  but  from /erne  acetate,  it  throws 
down  a  red-brown,  and  from  mercurous  or  mercuric  nitrate,  a  white 
precipitate. 

The  Gallactates  of  Ammonia,  Potash,  Soda  and  Baryta  are  deli- 
quescent ;  they  remain,  when  their  aqueous  solutions  are  evaporated, 
as  amber-yellow  amorphous  masses,  and  are  precipitated  from  their 
aqueous  solutions  by  alcohol,  in  white  flocks  which  dehquesce  on 
standing. 

Gallactate  of  Lime.  —  Aqueous  gallactic  acid  is  digested  with 
pounded  marble  or  neutralised  with  milk  of  hme,  and  the  filtered 
solutions  are  precipitated  with  excess  of  lime-water.  —  White  flocks, 
forming  when  dry,  a  pale  yellow  powder.  Dried  over  oil  of  vitriol,  it 
contains  24*5  p.  c.  hme  (0^*H30',2CaO  +  3aq.  =  2478  p.  c.  CaO),  gives 
off  13-28  p.  c.  water  at  110°  (calc.  11*95),  and  then  contams  28*26 
p.  c.  CaO  (C^^H^O',  2CaO  =  28*14  p.  c). 

Gallactate  of  Lead.  —  Heavy  white  powder. 

Over  oil  of  vitriol.  Bodeker  &  Struckmann. 

14  C 84-0  ....  19-98  19-83 

9  H 90  ....  2-14  2-11 

13  0 1040  ....  2474  24-11 

2  PbO    223-4  ....  53-14  53-95 

Ci4H307,2PbO  +  6aq 420*4     ....  100*00     100*00 

at  120°.  Bodeker  &  Struckmann 

14  C 84*0     ....     21*35     21-22 

6  H 6-0     ....       1-53     1-48 

10  O     800     ....     20-33     19-58 

2  PbO 223-4     ....     56-79     57-72 

C»H307,2PbO  +  3aq 393*4     ....  100*00     100-00 

So  according  to  Bodeker  &  Struckmann. 

Gallactate  of  Copper.  —  Obtained  by  double  decomposition  as  a 
light-blue  gimamy  precipitate. 

Mercurous  Gallactate.  —  From  mercurous  nitrate  and  the  aqueous 
aeid.     Dissolves  with  difficulty  in  dilute  nitric  acid. 

Mercuric  Gallactate.  —  Precipitated  from  the  aqueous  acid  by 
mercuric  nitrate,  as  a  white  amorphous  body,  pale  yellow  when  dry. 
After  drying  over  oil  of  vitriol,  it  contains  55*03  p.  c.  HgO,  gives  off 
7*92  p.  c.  water  at  110°,  and  then  contains  59*77  p.  c.  mercuric  oxide 
(C^*lPO',2HgO  +  3aq.  =  55*96  p.  c.  IlgO,  7*00  HO,  and  60*17  p.  c. 
HgO  in  the  dried  salt). 

Gallactic  acid  dissolves  in  alcohol,  but  not  in  ether. 
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4.  Pectolactic  Acid. 

BoDEKER  &  Struckmann.  Ann.  Pharm.  100,  264,  abstr.  J.  pr.   Chem, 
70,  414. 

Obtained  in  the  preparation  of  gallactic  acid,  especially  when  the 
milk-sugar  is  heated  with  an  insufficient  quantity  of  free  alkali,  and 
less  cupric  oxide  than  is  sufficient  to  convert  it  completely  into  gallactic 
acid.  Remains  in  solution  after  the  gallactic  acid  has  been  pre- 
cipitated with  neutral  acetate  of  lead,  is  precipitated  by  basic  acetate 
of  lead,  and  obtained  in  the  free  state  by  decomposing  the  washed 
precipitate  with  sulphuretted  hydrogen,  as  described  for  gallactic  acid 
(p.  229). 

Scentless,  brown,  acid  syrup.     After  drying  over  oil  of  vitriol  it 


jtains  5  at.  water,  at  100%  2  at. 

Over  oil  of  vitriol. 
16  C 96     . 

..     39-18 
..       5-31 
..     55-51 

Bodeker  &  Struckmann 
39-10 

13  H 13     . 

6-10 

17  O 136     . 

54-80 

C16H8012  +  5aq 245     . 

at  120°. 
16  C  96     . 

..  100-00 

..     44-04 
..       4-59 
..     51-37 

100-00 

Bodeker  &  Struckmann 
43-48 

10  H 10     . 

5-48 

14  O          112     . 

5104 

C16H8012  +  2aq 218     ....  10000     100-00 

Prom  potassio-cupric  tartrate^  at  the  boihng  heat,  it  reduces  cuprous 
oxide.  —  It  does  not  alter  aqueous  nitrate  of  silver  in  the  cold,  but 
colours  it  yellow  on  boiling,  purple-red  after  addition  of  ammonia  and 
precipitates  the  metal  in  the  specular  form.  May  not  the  acid  have  contained 
milk-sugar  ?    Kr. 

The  pectolacfates,  according  to  Bodeker  &  Struckmann,  are  hihasic 
C^^H^'M^O" ;  those  of  the  alkalis  and  alkaline  earths  are  easily  soluble 
in  water,  but  with  exception  of  the  Hme-salt,  precipitable  by 
alcohol.  The  only  pectolactate  that  has  been  obtained  in  the  anhydrous 
state  is  the  basic  ferric  salt. 

Pectolactate  of  Baryta.  —  Obtained  by  neutralising  the  acid  with 
baryta-water,  and  precipitating  with  alcohol,  as  a  sticky  mass,  changing 
to  a  white  powder  when  absolute  alcohol  is  poured  upon  it.  After 
drying  over  oil  of  vitriol,  it  gives  off  5*75  p.  c.  water  at  100°.  Dried 
over  oil  of  vitriol  it  contains,  on  the  average,  21*77  p.  c.  C,  3'61  H., 
and  36-89  BaO  ;  after  drying  at  100%  it  contains  23*00  C,  3*0011.,  and 
39*08  BaO.  Eodeker  6c  Struckmann  assign  to  the  former  salt  the  formula 
Ci6i^GQio^2BaO  +  9aq.,  to  the  latter,  Ci*^H60i",2BaO  +  6aq.  Calculation  agrees  with 
the  analytical  results  so  far  as  regards  the  baryta  and  hydrogen,  but  not  for  the  carbon, 
because,  according  to  B.  &  St.,  a  portion  of  the  latter  remained  unburned. 

.    Ferric  Pectolactate.  —  Obtained  by  precitating  ferric  acetate  with 
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pectolactate  of  ammonia,  as  a  rust-coloured  prcci[)ilate  soluble  in 
soda-ley.  —  a.  Dried  over  oil  of  vitriol.  Contains  60*8  p.  c.  Fe^O^,  gives 
off  15-43  p.  c.  water  at  120°,  and  is  therefore  C'^'H^O^^GFe^O^  +  14aq. 
(calc.  60-91  Fe^O^,  15-81  aq.)  — J.  Dried  at  100°.  Contains  65-41  p.  c. 
Fe20^  gives  off  9-1  p.  c.  water  at  120°,  and  is  therefore  C^«IP0'^6Fe'^0', 
+  8aq.  (calc.  65-39  Fe^O^  and  9*81  aq.).  — c.  At  120°.  Contains  from 
71-4  to  72-4  p.  c.  Fe'^0^  and  is  therefore  C^^H^O^GFe^O^  (calc.  72*51 
Fe^O^)  Bodeker  &  Struckmann. 

Pectolactic  acid  is  soluble  in  alcohol,  insoluble  in  ether. 


H  5.  Isobiglycolethylenic  Acid, 

Hlasiwetz  (1861)  Ann.  Pharm.  119,  281. 
Earth  &  Hlasiwetz.     Ann.  Pharm.  122,  96. 

laodiglycolathylensdure. 

Formation.  By  treating  milk-sugar  or  gum-arabic  with  bromine, 
and  decomposing  the  resulting  brominated  compound  with  moist 
oxide  of  silver  or  of  lead,  or  with  caustic  soda.      The  composition  of  the 

brominated  product  has  not  been  exactly  ascertained.  Barth  &  Hlasiwetz  however 
suppose  that  it  has  the  composition  C^-H^^Oi^Br^  and  is  formed  from  milk-sugar  by 
the  simple  addition  of  2  at.  bromine  [and  elimination  of  1  at.  water].  The  formation 
of  isobiglycolethylenic  acid  from  it  by  the  action  of  bases  may  then  be  supposed  to  take 
place  as  represented  by  the  equation :  Ci^HiOQ^OBrS  +  2AgO  =  C^^hioqiz  +  2AgBr. 
They  find,  in  fact,  that  2  at.  bromine  are  sufficient  for  the  production  of  this  compound 
from  1  at.  milk-sugar,  though  in  their  earlier  experiments  they  used  4  at.  bromine, 
supposing  that  a  substitution-product  would  be  formed  (C'^jjuqu  +  ]3j.4  _ 
Ci2]^8Bi.2oio  +  2HBr  +  HO).  Hydrobromic  acid  is,  in  fact,  produced  as  well  as  car- 
bonic acid  and  other  products;  but  these  appear  to  result  from  a  secondary  action,  and 
are  formed  more  abundantly  as  the  proportion  of  bromine  used  is  larger.  Moreover 
the  decomposition  of  the  compound  C'^H^Br-O^"  by  oxide  of  silver,  &c.,  would  vield, 
not  Gi2HioO'2,  but  C12H8012. 

Preparation.  1.  The  milk-sugar,  or  gum,  and  bromine,  together 
with  a  convenient  quantity  of  water,  are  enclosed,  according  to  the 
quantity  of  material  used,  either  in  sealed  tubes  or  in  strong  glass 
bottles  (champagne  or  soda-water  bottles)  secured  with  caoutchouc 
stoppers  and  bhiding  wire,  and  heated  in  the  water-bath  for  five  or 
six  hours  till  the  bromine  disappears,  and  a  colourless  or  yellowish 
liquid  is  produced.  The  tubes  or  bottles  are  then  opened,  whereupon 
carbonic  acid  escapes  and  an  odour  like  that  of  chloroform  becomes 
perceptible ;  the  somewhat  dilute  liquid  is  neutralised  with  moist  oxide 
of  silver  or  oxide  of  lead ;  the  pasty  mass  is  washed  on  a  filter  with 
hot  water ;  and  the  filtrate — which,  when  oxide  of  silver  is  used,  soon 
becomes  coloured  by  reduced  silver — is  precipitated  with  hydro- 
sulphuric  acid.  If  the  filtered  liquid  be  then  merety  freed  from  hydro- 
sulphuric  acid  by  heat  and  concentrated,  it  does  not  yield  the  acid  in 
crystals,  as  it  is  still  somewhat  impure.  To  purify  it  further,  it  is  eva- 
porated to  a  small  bulk  at  a  gentle  heat;  freed  from  lime  (which  is 
always  present  in  connnercial  milk-sugar)  by  adding  alcohol  as  long 
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as  turbidity  is  thereby  produced ;  then  filtered ;  distilled  to  remove  the 
alcohol ;  diluted ;  boiled  to  drive  off  the  last  portions  of  alcohol ;  treated, 
while  still  hot,  Avith  carbonate  of  cadmium  till  it  ceases  to  effervesce ; 
and  the  solution  of  the  cadmium-salt,  which  has  a  slight  acid  reaction, 
is  decolorised  with  animal  charcoal  and  left  to  crystallise,  an  additional 
quantity  being  obtained  from  the  mother-liquors.  This  salt  is  but 
sparingly  soluble  even  in  boOing  w^ater ;  the  cadmium  may,  however, 
be  easily  separated  from  it  by  passing  sulphuretted  hydrogen  into  a 
thin  paste  of  the  salt,  kept  at  the  boiling  heat  in  a  flask,  the  acid 
thus  gradually  set  free  dissolving  the  rest  of  the  salt.  Finally,  the  Hquid 
filtered  from  sulphide  of  cadmium  is  concentrated  over  the  water-bath 
to  a  thin  syrup  and  left  to  crystallise  ;  it  then,  after  a  few  days,  yields 
groups  of  crystalline  needles,  and  the  whole  gradually  solidifies  to  a 
soft  crystalline  mass,  which  becomes  friable  when  dried  over  oil  of 
vitriol  in  vacuo. 

2.  Tlie  liquid  obtained  as  above  by  heating  milk-sugar  or  g'um 
with  bromine  is  saturated  with  soda  and  boiled ;  whereby  it  acquires 
an  acid  reaction.  If  again  neutralised,  concentrated,  and  left  to 
stand,  it  deposits  a  mixture  of  crystals,  which  must  be  freed  from  the 
mother-Hquor  by  pressure  and  redissolved.  Isobiglycolethylenate  of 
sodium  then  crystaUises  out  alone,  and  may  be  purified  by  animal 
charcoal.  It  may  be  converted  into  the  cadmium-salt  by  precipitation, 
and  the  acid  obtained  therefrom  as  above. 

Properties.  Small,  highly  deliquescent  needles.  Taste  sour  and 
agreeable,  much  weakened  by  dilution  with  water.  Melts  to  a  syrup 
at  the  heat  of  the  water-bath.  Lsevo-rotatory.  A  solution,  72  mm. 
long  and  containing  11*137  p.  c.  of  the  acid,  produces  a  deflection  of 
2°  to  the  left. 


12  C 

Dried  at  100°. 
72     ....     40-45 

Barth  &  Hlasiwetz. 
from  Milk-sugar,  from  Gum-arabic, 
(mean.) 
40-:^7     4fi-9fi 

10  H, 

, 10     ....       5-61 

5-85     5-69 

12  O 

96     ....     53-94     . 

53-78     ..  .             54  03 

C12H10O12 .. 

178     ....  100-00 

100-00     100-00 

It  is  isomeric  with  Wurtz's  higlycolethylenic  acid; — may  be  derived  from  milk- 
sugar,  C^^H'^O^^  by  abstraction  of  1  at.  water  and  addition  of  2  at.  oxygen ;  differs  from 
tartaric  acid,  CSHSO^^  by  2C^Vi?,  from  aconitic  acid,  Ci^H^Qi^  by  H«,  and  from  Gorup's 
mannitic  acid,  Q^m^^O^^  by  2  HO. 

Decompositions.  1.  The  acid  becomes  somewhat  coloured  when 
heated  for  some  time  to  100°.  Heated  on  platinum-foil,  it  burns  with 
an  odour  of  sugar  and  formation  of  a  tumefied  perfectl}^  combustible 
coal.  —  2.  When  carefully  oxidised  with  nitric  acid,  it  yields  chiefly 
mucic  acid.  —  3.  Fused  with  potash,  it  yields  acetic  and  oxahc  acids, 
together  with  other  products.  —  4.  The  aqueous  solution  neutrahsed 
with  ammonia  reduces  nitrate  of  silver  when  heated,  forming  a  specular 

j^^eposit  of  silver.  —  5.  It  reduces  an  alkaline  solution  of  cupric  oxide, 

^Khen  heated  with  it. 

^K    Combinations.    A.   IVith  Water.     The  acid  dried  over  oil  of  vitriol 

r 
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in  vacuo,  gives  off,  when  heated  to  100°  for  24  hours,  13*9  p.  c.  water, 
corresponding  to  the  formula  C^'^ff^O^^^SHO  (calc.  13-19  p.  c.)     A 
sample  heated  for  12   hours  only,  gave  by  analysis  38-2  p.  c.  carbon, 
and  6*02  hydrogen,  corresponding  to  the  formula  C^^'H^^O^'' +  HO. 
The  acid  dissolves  easily  in  water. 

B.  With  Bases.  All  the  salts  of  isobiglycolethylenic  acid  hitherto 
obtained,  except  the  lead-salt,  agree  with  the  formula  C^^H'MO^'^. 
The  acid  appears  therefore  (if  it  contains  only  12  at.  C.)  to  be  mono- 
basic, though,  in  its  mode  of  formation  and  its  reactions  with  nitric 
acid  and  with  potash,  it  appears  rather  to  resemble  the  polybasic 
acids.  Most  of  its  salts  dissolve  easily  in  water  and  crystallise  well ; 
the  cadmium  and  silver  salts  however  are  but  sparingly  soluble. 
They  are  insoluble  in  alcohol,  which  precipitates  them  from  their 
aqueous  solutions.  They  contain  water  of  crystallisation,  which  they 
do  not  give  off  completely  till  heated  to  140°,  and  even  then  not  without 
partial  decomposition. 

The  aqueous  solution  of  the  acid  is  not  precipitated  by  baryta-  or 
lijue-water,  by  acetate  of  lead,  either  neutral  or  basic,  or  by  mercuric 
nitrate  ;  but  acetate  of  lead  mixed  with  ammonia  precipitates  it  com- 
pletely. It  easily  dissolves  hydrated  cupric  oxide;  does  not  alter 
ferric  chloride. 

Ammonia-salt.  —  On  mixing  the  aqueous  acid  with  excess  of 
ammonia,  boiling  till  the  odour  of  ammonia  is  no  longer  perceptible, 
decolorising  with  charcoal,  and  concentrating  to  a  thickish  consistence, 
the  ammonia-salt  separates  after  a  few  days  in  crystals,  which  may 
be  purified  by  recrystalHsation.  When  prepared  from  a  sufficient 
quantity  of  material,  it  forms  thick,  solid,  transparent,  colourless 
ciystals  belonging  to  the  obhque  prismatic  system,  sometimes  4  or 
5  mm.  broad,  easily  soluble  in  water,  nearly  insoluble  in  alcohol. 


12  C  . 

Air-dried. 

72 

...     33-80 
...       7-03 
...       6-52     . 
...     52-65     . 

Earth  &  Hlasiwetz 

mean. 
33-69 

15  H  .. 

15     . 

7-37 

N  .. 
14  0  ... 

14     . 

112     . 

6-64' 

52-30 

cl2H9r^ 

IH^)Oi2  +  2aq.  ... 

213     . 

..  100-00     . 

100-00 

Heated  for  some  time  to  100°,  it  gives  off  3*68  p.  c.  (nearly  1  at.) 
A^^ater,  and  at  120°,  at  which  temperature  however  it  becomes  shghtly 
brown,  8*74  p.  c.  (calc.  2  at.  =  8*44  p.  c). 

Fotash-salt.  —  Extremely  soluble  in  water,  and  not  obtainable  in  the 
crystalline  form.  An  alcoholic  solution  of  the  acid  mixed  with  alcoholic 
potash  yields  the  salt  in  the  form  of  a  clotted  precipitate  which  becomes 
brittle  and  friable  when  dried  at  100°. 

Soda-salt. — Prepared  as  already  described  (p.  233),  or  by  neutralising 
the  aqueous  acid  with  carbonate  of  soda.  Crystallises  readily  in  tufts 
of  small  colourless  prisms  containing  6  at.  water,  of  which  4  at.  or  14*45 
p.  c.  (calc.  14*17  p.  c.)  are  given  off  at  100, 
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12  C... 

at  100°. 
72 

....     33-03 
....       505 
...     10-55 
....     51-37 

Barth  &  Hlasiwetz. 
a.                    b. 
....     33-43 

11  H... 

11 

5-35 

Na 
14  O... 

23 

112 

....     10-30     ....     10-52 
....     50-92 

C12H9N 
C12H 

aOi2  + 

iiNaOi4 
4  HO 

2aq. 

218 

Air-dried. 

218     .... 

36     .... 

....  100-00 

85-83 
1417     .... 

...  100-00 

Barth  &  Hlasiwetz. 
a.                   b. 

14-45     ....     14-43 

Ci2H9NaO'2  +  6aq 254 


100-00 


a.  Prepared  by  neutralising  the  aqueous  acid  with  carbonate  of  soda  ;  b.  by  decom- 
posing the  brominated  acid  (p.  233)  with  caustic  soda. 

Baryta-salt.  —  The  solution  of  the  acid  saturated  with  caustic 
baryta  or  the  carbonate  dries  up  to  a  gummy  mass. 

Sfrontiasalt.  —  Resembles  the  baryta-salt. 

Lime-salt.  —  From  a  boiling  aqueous  solution  of  the  acid,  either  pure 
or  crude,  neutralised  with  carbonate  of  lime  and  decolorised  with 
charcoal,  the  hme-salt  separates  in  crystals  often  united  in  crusts,  and 
tightly  attached  to  the  sides  of  the  vessel.  By  recrystallisation  from 
more  dilute  solutions  it  is  obtained  in  rather  large,  thick,  perfectly 
colourless  shining  tables. — The  crystals  contain  Tat.  water,  4  of  which 
are  given  off  at  100°  and  the  rest  at  140°. 


I 


12  C  

at  140° 
72 



Bj 
..     36-54     . 
..       4-57     . 
..     10-15     . 

..     48-74     . 

irth  &  Hlasiwetz. 
35-63 

9  H  

Ca 

12  O  

9 

20 

96 

5-11 

10-31 

48-95 

Ci2H9CaOi2    . 
12  C  

197 

at  100*^ 
72 

..  100-00     . 

Bj 

..     32-14     . 
..       5-35     . 
..       8-92     . 
..     53-59     . 

100-00 

irth  &  Hlasiwetz. 

mean. 
31-79 

12  H  

12 

5-65 

Ca 

15  O  

20 

120 

8-65 

53-91 

Ci2H9CaOi2  + 
12  C  

3aq.. 

...     224 
Ai 

100-00     . 

r-dried. 

72     ....     27-69 

16     ....       6-15 

20     ....       7-69 

152     ....     58-47 

100-00 

Barth  &  Hlasiwetz. 
mean. 
....     27-69 

16  H 

....       6-41 

Ca 

19  O    

:::: 

....       7-77 
....     58-13 

C^2H9Ca0^2  + 

Or: 

C«H9CaOi2 

7  HO 

7aq. 

.     197 
..       63 

260 

....  100-00 

75-68 
24-32     .... 

....  10000 

Barth  &  Hlasiwetz. 

24-32     ....     25-41 
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The  quantity-  of  water  given  off  at  100°  was  iu  two  experiments  13-03  and  13*12 
p.  c.  ;  calculation  for  4  at.  gives  13-81  p.  c.  U 

Another  hydrate  containing'  3^  at.  water  was  obtained  from  the 
strong-ly  coloured  syrupy  mother-hquid  wliicli  remained  after  the  pre- 
paration of  the  hme-salt  by  treating  the  crude  acid  with  carbonate  of 
lime.  The  colouring  matter  was  removed  by  precipitation  with  acetate 
of  lead;  the  filtered  liquid  was  treated  with  hydro-sulphuric  acid;  con- 
centrated ;  precipitated  with  alcohol ;  and  the  viscid  lime-salt  thus 
obtained  was  redissolved  in  water,  decolorised  with  animal  charcoal, 
and  crystallised.  It  was  thus  obtained  in  small  crystals  which  filled 
the  hquid  and  reduced  it  to  a  pasty  mass. 


Air-dried. 
24  C  144     ,. 

.     31-51 
.       5-47 
.       8-75 
.     54-27 

Barth  &  Hlasiwetz. 
31-39 

25  H  25     .. 

5-66 

2  Ca 40     .. 

8-81 

31  0                248 

54-14 

2Ci2H9CaOi2  +  7aq.  457     .. 

.  100-00 

100-00 

Cadmium-salt.  (Preparation  p.  233).  The  salt  crystallises  with  different 
quanties  of  water,  according  to  the  concentration  of  the  solution  from 
which  it  separates. 

a.  C^IPCdO"  -f  3II0.  Separates  during  the  cooling  of  hot 
saturated  solutions,  in  small  crystals  united  in  friable  aggregates,  and 
presenting  under  the  microscope  the  appearance  of  obhque  prismatic 
(monoclinic)  needles,  veiy  much  flattened  by  the  predominance  of  the 
faces  parallel  to  the  chnodiagonal.  They  give  off  10-12  p.  c.  water 
(3  at.  =  10-38)  p.  c.  at  140°,  but  do  not  become  completely 
anhydrous  till  heated  to  150°  in  a  cuiTent  of  air,  and  at  the  same  time 
become  somewhat  coloured.  Very  slightly  soluble  in  water,  even  at 
the  boiling  heat. 


Air-dried. 

72     ... 

12     ... 

27-69     . 

4-61     . 

21-53     . 

46-17     . 

Barth  &  Hlasiwetz. 

12  c 

12  H    

a. 
..     27-49     . 
..       4-89     . 
..     21-36     . 
...     46-26     . 

/3.                  y. 
..     27-73    ....     27-78 
..       4-92     ....      4-83 

Cd  

15  0    

56     ... 

120     ... 

...     20-87 
...     46-48 

C^m^CdO  +  3a 

q.  ...     260     ... 

100-00     . 

..  100-00     . 

..  100-00 

a.  Mean  of  six  analyses  of  the  salt  prepared,  as  described  at  page  232,  from 
isobiglycolethylenic  acid  obtained  by  heating  1  at.  milk-sugar  with  4  at.  bromine, 
decomposing  the  product  with  oxide  of  silver,  &c. — ^.  Analysis  of  the  salt  prepared 
with  acid  obtained  from  1  at.  milk-sugar  and  2  at.  bromine.  —  y.  The  same  with  8  at. 
bromine. 

h.  Cll^CdO^-  -\-  6H0.  Separates  by  slow  evaporation  from  the 
mother-liquor  of  the  preceding,  or  generally  from  dilute  solutions,  by 
spontaneous  evaporation,  in  well  developed,  shining,  monoclinic  crystals, 
mostly  united  in  tufts.  Very  sparingly  soluble  in  cold  water ;  rather 
more  soluble  than  the  preceding  in  boiling  water. 


CANE-SUGAK. 

( 

Air-dried. 

Bartli  &  Hlasiwetz. 

p. 
mean.                mean. 

12  C     

72     ....     25-08     .... 

...     24-77     ... 
....       5-50     ... 
....     19-25     ... 
....     50-48     ... 

....     25-19 

15  H 

15     ....       5-22     .... 

....       5-53 

Cd   

18  O     

56     ....     19-50     .... 

144     ....     50-20     .... 

....     19-02 
....     50-26 

C'2H9CdOi2  +  6  aq 

287     ....  100-00     .... 

....  100-00     ... 

....  100-00 
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a.  Prepared  from  milk-sugar.  —  (B,  Prepared  from  gum-arabic. 

This  hydrate,  like  the  preceding",  cannot  be  completely  dehydrated 
without  shght  coloration.  At  140°  it  lost,  in  two  experiments,  20-95 
and  20-10  p.  c.  water  (3  at.  =  18-81  p.c).  The  salt  thus  dried  gave 
by  analysis  30-20  p.  c.  carbon  and  4-12  hydrogen,  the  formula 
C'-H'Cd0^2  requiring  30-9  and  3-9. 

Lead-salt.  ^  C'^WPhO'SAPhO +  ?iq.l  The  aqueous  acid  mixed 
with  ammoniacal  sugar  of  lead  yields  a  bulky  white  precipitate  which 
becomes  somewhat  denser  if  left  under  the  Hquid. 

Barth  &  Hlasiwetz. 
12  C    72        ....       9-82     9-16 

10  H    10        ....       1-35     1-13 

5  PbO  557-5     ....     70-30     71-37 

11  O   88        ....     18-53     18-34 

Ci^H5Pb0^4PbO  +  aq.      7275     ....  100-00     100*00 

Copper-salt.  —  Carbonate  of  copper  dissolves  in  the  aqueous  acid, 
forming  an  emerald-green  liquid,  which  dries  up  to  dark  green 
transparent  films. 

Silver-salt.  —  Very  strong  solutions  of  the  potash-salt  and  nitrate  of 
silver  yield  an  amorphous  gelatinous  precipitate  which  soon  turns 
brown  when  exposed  to  hght.  It  is  soluble  in  water.  Isobiglycole- 
thylenic  acid  dissolves  in  warm  alcohol,  and  is  precipitated  therefrom  in 
flocks  by  ether,     ^. 


Cane-sugar. 
C«*H«0»2  or  Ci=»H"0". 

ScHRiCKEL.     Diss,  de  Salib.  saccharinis,  &c.,  Giessae.     1776. 

Cruiksiiank.     Scher,  J.  1,  637 ;  3,  289. 

Bocillon-Lagrange.     Ann.  Chim.  71,  91. 

Berzelius.     Ann.  Chim.  95,  59. 

KuHLMANN.  Ann.  Chim.  Phys.  54,  323 ;  Ann.  Pharm.  9,  213 ;  J.  pr. 
Chem.  2,  235  (Preparation).—  Compt.  rend.  30,  341 ;  Dingl.  116,  61 
(the  same). 

Peligot.  Ann.  Chim.  Phys.  67,  113  ;  J.  pr.  Chem.  15,  65  ;  N.  Br, 
Arch.  15,  227 ;  abstr.  A7Ln.  Pharm.  30,  69  (Decompositions  by 
Heat.  —  Compounds  with  Bases). — Ann.  Chim.  Phys.  73,  103; 
J.  pr.  Chem.  17,  183;  Ann.  Pharm.  30,  91;  Compt.  rend.  8,  530 
(Lead-compounds,  of  Cane-sugar). — N*   J,   Pharm,    2,    103   (the 
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same).  —  Cotnpt.  rend.  32,  333  ;  N.  J.  PJiarm.  19,  324 ;  Ann.  Pharm. 
80,  342 ;  J.  pr.  Chem.  52,  405 ;  in  detail :  N.  Ann.  Chim.  Phys.  54, 
377  (Sugar-lime).  —  Compt.  rend.  32, 421  (Analyses  of  Cane-sugars). 

Ventzke.     J.  pr.  Chein.  25,  64 ;  28,  101  (Polarisation). 

HocHSTETTER.     J.  pr.  Chem.  29,  1  (Decompositions). 

DuBRUNFAUT.      Ann.   Pharm.    17,    283    (Manufacture).  —  Inversion  : 

1.  Compt.  rend.  23,  38;  in  detail:  N.  Ann.   Chim.  Phys.   18,  99. — 

2.  N.  Ann.  Chim.  Phys.  21,  169  ;  J.  pr.  Chem.  42,  418  ;  Pharm.  Centr. 
1849,  643.  —  1  to  3  consecutively:  Compt.  rend.  32,  498.  — Estima- 
tion :  Compt.  rend.  32,  249;  Pharm.  Centr.  1851,  278;  Dingl.  121, 
2'd^.— Compt.  rend.  32,  857;  /.  pr.  Chem.  53,  508;  Dingl.  12\, 
305. 

SouBEiRAN.  N.  J.  Pharm.  1,  1  and  89 ;  J.  pr.  Chem.  27,  281  (Trans- 
formations of  Sugar  by  Water  and  Heat).  —  N.  J.  Pharm.  1,  469  ; 
Ann.  Pharm.  43,  223 ;  -/.  pr.  Chem.  26,  498  (Compounds  with  Lime, 
Baryta,  and  Lead).  —  Compt.  rend.  28,  774  ;  in  detail :  N.  J.  Pharm. 
16,  252;  J.pr.  Chem.  49,  65  (Sugar  in  Honey).  —  iV^.  J^.  Pharm.  19, 
329  (Sugar-lime). 

Maumene.  Compt.  rend.  30,  314,  and  447;  Pharm.  Centr.  1850,  349  ; 
Compt.  rend.  39,  422  ;  J.  pr.  Chem.  63,  75  ;  Che7n.  Centr.  1854,  735  ; 
Chem.  Gaz.  1854,  413  (Caramelin).  —  Compt.  rend.  39,  914;  /.  j)^'- 
Chem.  64,  147;  Chem.  Centr.  1854,  920  (Action  of  Water).— 
Compt.  rend.  42,  645 ;  J.  pr.  Chem.  69,  256  ;  in  detail :  N.  Ann. 
Chim.  Phys.  48,  23  (Preparation  on  the  large  scale).  —  CompL  rend. 
45,  1021 ;  J.  pr.  Chem.  74,  232  (Formation  of  Alcohols  by  Fer- 
mentation). 

Alcoholic  or  Vinous  Fermentation :  Pasteur.  1.  Comp^.  renc?.  45,  1032  ; 
J.  pr.  Chem.  73,  451  ;  Chem.  Gaz.  1858,  61 ;  Kopp's  Jahresher.  1857, 
508.  — 2.  Compt.  rend.  46, 179;  J.  pr.  Chem.  73,  457;  Ann.  Pharm.  105, 
264.-3.  Compt.  rend.  46,  857;  J.pr.  Chem.  73,  506  ;  Ann.  Pharm. 
106,  338.-4.  Co7npt.  rend.  47,  224;  J.  pr.  Chem.  74:,  512;  Chem. 
Centr.  1858,  685.  —  5.  Compt.  rend.  47,  1011 ;  J.  pr.  Chem.  76,  369  ; 
Chem.  Centr.  1859,  175  ;  2  to  5  also  in  Kopp*s  Jahresher.  1858,  484. 
—  6.  Compt.  rend.  48,  640;  Pep.  Chim.  pure,  1,  310.  —  7.  Against 
Berthelot,  Co7npt.  rend.  48,  691,  and  737.  —  8.  Compt.  rend.  48,  735  ; 
Pep.  Chim.  pure,  1,  355;  Chem.  Centr.  1859,  671.  —  9.  Compt.  rend. 
48,  1149;  Rep.  Chim.  pure,  1,  519;  Phil.  Mag.  [4],  181,  239.-6  to 
9  also  in  Kopp's  Jahresher.  1859,  549.  The  whole  1  to  9,  N.  Ann. 
Chim.  Phys.  58,  323. 

Lactous  Fermentation :  Pasteur.  Compt.  rend.  45,  913  ;  J.  pr.  Chem. 
73,  447 ;  in  detail :  N.  Ann.  Chim.  Phys.  52,  404  ;  abstr.  Kopp's 
Jahresher.  1857,  510.  —  Compt.  rend.  47,  224;  Kopp's  Jahresher. 
1858,  484.  —  Compt.  rend.  48,  337  ;  J.  pr.  Chem.  77,  27 ;  Kopjj's 
Jahresher.  1859,  553. 

M.  Berthelot.  Transformation  by  Salts :  Compt.  rend.  34,  800 ; 
N.  J.  Pharm.  22,  37 ;  Ann.  Pharm.  83,  104 ;  in  detail :  iV^.  Ann. 
Chim.  Phys.  38,  57.  —  Solubility  of  Lime  in  Sugar- water:  N.  Ann. 
Chim.  Phys.  4:6,  123.  —  Compounds  with  Acids:  Compt.  rend.  41, 
452  ;  J.pr.  Chem.  67,  2S6.— Compt.  rend.  45,  268;  jY.  J.  Pharm. 
33,95;  J.  pr.  Chem.  73,  157;  Chejn.  Gaz.  1857,441;  in  detail : 
N.  Ann.  Chim.  Phys.  54,  74.  —  Fermentation  :  Compt,  rend.  43, 
238 ;  N.  J.  Pharm.  30,  269  ;  J.  pr.  Chem.  69,  454.  —  Compt.  rend. 
44,  702  ;  J.pr.  Chem.  71,  321;  in  detail:  N.  Ann.  Chim.  Phys.  50, 
322.— Occurrence:  Compt.  r  end  AQ,  1^16;  in  detail:  N.  Ami,  Chim, 
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Phys.    55,    286.  —  Chimie   oi-ganique  fondee  sur  la  syntkese,    Paris, 

1860. 
Bechamp.     Decomposition  by  Water  and  Salts :   Compt.  rend.  40,  436  ; 

N.  J.  Pharm.  27,  274.—  Compt.  rend.  46,  44;  J.  pr,  Chem.  74,  495  ; 

in  detail:  N.  Ann.  Chim.  Phys.  54,  28. 
BuiGNET.     N.  Ann.  Chim.  Phys.  61,  233. 

Common  Sugar.  Crysiallisahle  Sugar.  Sucre  de  canne.  RohrzucJcer. —  Sac- 
charose (Berthelot).  —  Known  in  India  and  China,  from  very  early  times, 
and  in  Enrope  since  the  time  of  Alexander  the  Great.  The  culture  of 
the  sug'ar-cane  was  imported,  in  the  fourteenth  and  fifteenth  centuries, 
from  Nubia,  Arabia,  and  Eg-ypt  into  Spain,  Portugal,  and  the  Canary 
Islands,  afterwards  to  America :  it  was  only  after  this  last  importa- 
tion that  it  came  into  general  use.  The  presence  of  cane-sugar  in 
beet  and  other  plants,  indigenous  in  Europe,  was  first  demonstrated 
in  1747  by  Marggraf,  and  its  preparation  on  the  large  scale  from 
beet  was  introduced  by  Achard.  An  important  auxiliary  in  the  study 
of  the  different  varieties  of  sugar  was  afforded  by  the  phenomena  of 
circular  polarisation  discovered  by  Biot. 

Sources.  In  the  vegetable  kingdom  universally  diffused,  existing 
apparently  in  many  plants,  from  which,  in  consequence  of  the  mode 
of  examination  formerly  adopted,  only  fruit-sugar  or  grape-sugar 
had  been  obtained.  In  the  stems  of  Grasses:  Of  the  sugar-cane, 
Saccharum  officinarum ;  of  the  Asiatic  sugar-cane.  Sorghum  sac- 
charatum ;  of  maize,  and  probably  also  of  other  cereals.  The  juice  of 
the  sugar-cane  contains  more  than  20  per  cent,  of  cane-sugar, 
unmixed  with  any  other  kind  of  sugar.  (Avequin ;  Plague,  J.  Pharm. 
26,  248 ;  Pehgot.)  It  contains  no  optically  active  substance  except 
cane-sugar.  (Clerget.)  The  stems  of  Sorghum  saccharatum,  Avhen 
quite  ripe,  C(mtain  from  9  to  9^  p.  c.  cane-sugar,  but  no  fruit- 
sugar  (Gossmann,  Ann.  Pharm.  104,  335 ;  Henneberg's  landw.  Jour- 
nal 6,  294);  Bergemann  found  only  fruit-sugar;  Liidersdorff  and 
Fehling  found  cane-sugar  and  fruit-sugar.  {Henneberg's  landw.  Jahre.^h, 
1854,  245.)  The  unripe  stems  contain  only  fruit-sugar  and  starch, 
which  latter  disappears  in  the  process  of  ripening,  in  proportion  as 
cane-sugar  makes  its  appearance.  (Jackson,  Compt.  rend.  46,  55  ; 
Leplay,  Compt.  rend.  46,  444.)  —  The  juice  of  maize-stems  cut  at  the 
at  the  time  of  ripening,  is  especially  rich  in  cane-sugar,  if  the  female 
flowers  have  been  removed  during  the  flowering  season ;  it  appears 
to  contain  a  Httle  glucose  as  well  as  cane-sugar.  (Soubeiran  &  Biot, 
dompt.  rend.  15,  523 ;  Pelouze,  Compt.  rend.  15,  580.)  Maize-stems 
cut  shortly  after  the  flowering  of  the  plant,  contain  a  quantity  of 
sugar  amounting  to  between  7*4  and  7'9  p.  c.  of  the  juice,  and  about 
half  consisting  of  cane  sugar.     (Liidersdorff.) 

In  the  fleshy  roots  of  Angelica  archangelica  (A.  Buchner),  Beta  vul- 
garis^ Chm^ophyllum  hulhosum  (Pay en),  Cichorium  Intyhus^  Daucus  Carota^ 
Helianthus  tnberosns,  Leontodon  taixixacum,  Pastinaca  sativa,  Sium  Sisarum, 
and  others.  —  Field  beet  or  mangold- wurzel  contains,  on  the  average, 
between  7  and  lip.  c,  in  particular  cases  as  much  as  14  p.  c.  of  cane- 
sugar,  the  proportion  varying  with  the  kind  of  manure  employed, 
the  locality,  and  the  variety  and  size  of  the  beet,  the  largest  quantity 
being  yielded  by  the  white  Silesian  sugar- beet.  Small  kinds  are 
generally  richer  in  sugar  than  the  larger.     In  one  and  the  same  beet, 


240  CARBO-HYDRATES   C'^H»H". 

the  leaf -head  contains  the  smallest,  the  middle  of  the  fleshy  stem  the 
larg-est  amount  of  sugar,  Beet  contains  no  other  sugar  than  cane- 
sugar  (Payen,  Compt.  rend.  15,  618),  but  it  contains  another  optically 
active  substance  which  is  not  altered  by  acids.  (Clerget,  N.  Ann. 
Chun.  Phys.  2Q^  175.)  (On  the  variations  in  the  amount  of  sugar  under  different 
influences,  see  Henneb.  landw.  Jahresber.  2  Abth.  1853,  27;  1854,  23;  1859  and 
1856,  31.)  —  111  'the  tubers  of  Lathyrus  tuberosus  (Braconnot) ;  in  the 
sweet  potato  of  St.  Domingo  (of  Convolvulus  batatas).  Avequin 
(J.  Fharm.  21,  548). 

In  the  stem  of  the  sugar-maple,  Ace?'  sacckannum,  of  the  sycamore, 
Acer'  Fseudoplata?ius,  and  other  species  of  Ace?'  (Cadell,  Thorns.  Ann. 
10,  234);  of  some  species  of  Betula  (Schleiden);  in  the  vernal  juice  of 
Juglans  alba  (Bigelow,  Scher.  Ann.  8,  118);  oi  Tilia  europ(sa  (Riegel, 
Jahrb.  pr.  Pharm.  14,  155).  In  several  palms,  especially  the  Saguerus 
Rumphii  of  Java  (Berthelot,  N.  Ann.  Chim.  Phys.  55,  28G  ;  comp.  Pereira, 
N.  J.  Pharm.  9,  345.) 

In  Fruits.  The  sugar  which  forms  in  fruits  at  the  season  of  matu- 
rity is  always  cane-sugar ;  under  the  influence  of  a  peculiar  kind  of 
ferment,  (vid.  inf.,  p.  254)  however,  it  may  be  converted  wholly  or  par- 
tially into  inverse  sugar ;  so  that  the  ripe  fruit  sometimes  contains  only 
inverse  sugar,  sometimes  both  kinds  together.  Figs,  grapes,  cherries, 
Spanish  cherries,  strawberries,  of  the  variety  called  Princesse  royale, 
and  gooseberries,  contain  no  cane-sugar,  but  only  inverse  sugar; 
other  fruits  contain  both  kinds  in  various  proportions.  (Buignet.) 
The  Isevo-rotatory  (inverse)  sugar  of  grapes  deposits  on  standing- 
dextro-rotatory  grape-sugar,  and  retains  its  Isevo-rotatory  power,  even 
in  the  dried  grape,  with  liquid  or  granular  contents.  If  syrup  of  grape - 
juice  turns  the  plane  of  polarisation  to  the  right,  it  is  in  consequence 
of  alterations  which  have  especially  affected  the  lajvo-rotatory  fruit- 
sugar.  Thus  the  Acarus  farincB  and  ants  devour  the  Isevo-rotatory 
fruit-SQgar  and  leave  dextro-rotatory  grape-sugar  behind.  (Dubrunfaut, 
Compt.  rend.  29,  54.)  Oranges,  ripe  or  unripe,  contain  both  kinds  of 
sugar,  the  relative  proportion  of  the  two  changing  during  the  process 
of  maturation.  The  quantity  of  inverse  sugar  remains  nearly  the 
same,  but  that  of  cane-sugar  increases  in  proportion  to  the  total 
weight  of  the  sohd  matters  as  well  as  of  the  inverse  sugar.  (Berthelot 
&  Buignet,  Compt.  rend.  51,  1094.)  Apples  and  pears  contain  cane- 
sugar,  and  either  a  peculiar  laevo-rotatory  sugar,  or  more  probably 
inverse  sugar,  which,  before  the  time  of  the  observation,  undergoes  an 
irregular  decomposition,  first  attacking  the  dextro-rotatory  grape- 
sugar  (as  in  Dubrunfaut's  fermentation  experiment),  and  thereby 
giving  the  preponderance  of  rotatory  power  to  the  Isevo -rotatory  fruit- 
sugar,  formed  from  the  inverse  sugar.  (Buignet.)  —  Unripe  bananas 
contain  a  peculiar  tannin,  starch,  and  cane-sugar,  the  quantity  of  the  last 
increasing  as  the  fruit  ripens  in  proportion  as  the  other  two  disappear. 
In  bananas  artificially  ripened  after  their  removal  from  the  tree,  the 
tannin  and  starch  have  likewise  disappeared ;  on  the  other  hand,  they 
contain  15  p.c.  sugar,  one-third  consisting  of  cane-sugar,  and  the  remain- 
ing two-thirds  of  inverse  sugar,  which  latter  appears  to  be  formed  from 
starch  during  the  process  of  vegetation,  and  is  present  instead  of  cane- 
sugar  in  the  artificially  ripened  fruit.  The  formation  of  cane-sugar  in 
fruits  is  not  prevented  by  the  presence  of  acids.  (Buignet.)  The 
sugar  of  fruits  was  formerly  regarded  as  distinct  from  cane-sugar ; 
but  the  presence  of  cane-sugar  has  been  demonstrated  in  melons  by 
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Payen ;  in  bananas  by  Avequin  (./.  Pharm.  24,  55 G),  and  in  dates  by 
Bonastre  {J.  Pharm.  18,  725).  On  the  amount  of  sugar  in  various 
kinds  of  fruit,  see  Fresenius,  Ann.  Pharm.  101,  219  ;  Buignet,  N.  Ann. 
Chini.  Phys.  Gl,  243. 

Walnuts,  liazel-nuts,  bitter  almonds,  and  sweet  almonds  contain 
only  cane-sugar  (Pelouze,  Compt.  rend.  40,  608) ;  also  the  carob  bean 
or  St.  John's  bread,  the  fruit  of  Ceratonia  Siliqua  (Berthelot),  and 
coffee-beans  (Stenhouse,  Graham  &  Campbell,  Chem.  Soc.  Qw.  J.  9,  33  ; 
Chem.  Centr.  1857,  54). 

The  nectar  of  the  flowers  of  Phododendron  pontkum.  contains  cane- 
sugar  (G.  Jiiger,  Tiedemann's  Zeitschr.  f.  Physiol.  2,  173),  which  is  even 
found  in  crystals  in  the  flowers  of  this  ]:)lant.  (Sthamer,  N.  Br.  Arch. 
59,  151.)  The  nectar  of  various  kinds  of  cactus  contains  scarcely  any- 
thing but  cane-sugar,  that  of  other  flowers  likewise  contains  fruit- 
sugar.  (Braconnot,  J.  Chim.  med.  19,  3  ;  J.  pr.  Chem.  30,  363  ;  comp. 
Ludwig,  N.  Br.  Arch.  107,  10.)  —  The  honey  of  Polybia  apicipennis^  an 
American  wasp,  yields  crystals  of  cane-sugar.  (Karsten,  Pogg.  100, 
550  ;  J.  pr.  Chem.  71,  315.)  Common  bees'  honey  contains  Isevo-rota- 
tory  fruit-sugar  (in  excess,  according  to  Dubrunfaut),  dextro-rotatory 
grape-sugar,  and  cane-sugar ;  the  latter  is  found  more  frequently  in 
the  liquid  honey  as  it  exists  in  the  cells,  and  disappears  almost  entirely 
when  the  honey  is  kept.  (Soubeiran,  N.  J.  Pharm.  16,  253 ;  J.  pr, 
Chem.  49,  65;  abstr.  Compt.  rend.  28,  775;  Ijieh.  Kopp.  Jahresher.  1849, 
465.)  The  cane-sugar  of  fresh  honey  is  inverted  during  keeping  by 
the  action  of  the  adhering  ferment,  and  may  then  deposit  from  20  to 
30  per  cent,  of  dextro-rotatory  grape-sugar,  while  lasvo-rotatory  fruit- 
sugar  remains  behind.     (Dubrunfaut,  Compt.  rend.  29,  51.) 

It  is  doubtful  whether  panoche-sugar  should  be  regarded  as  a  kind 
of  cane-sugar.  It  is  found  on  the  surface  of  the  leaves  of  a  Californian 
sugar-cane,  and  appears  to  be  juice  exuded  in  consequence  of  the 
punctures  of  insects  and  dried  (Johnson,  Sill.  Ann.  J.  [2],  22,  6  ;  Chem. 
Centr.  1856,  764;  N.  Br.  Arch.  93,  54;  J.  pr.  Chem.  70,  245). 

%.  Manna  from  Sinai  (the  produce  of  Tamarix  manniferd)  contains 
65  p.  c.  cane-sugar,  25  inverse  sugar  and  20  dextrin  &c. ;  m.anna  from 
Km'distan  contains  61  p.  c.  cane-sugar,  16*5  inverse  sugar,  and 
22-5  dextrin  &c.  (Berthelot,  Compt.  rend.  53,  583 ;  Rep.  Chim.  ptire, 
4,29.)     % 

The  bark  of  Pimis  sylvestris  contains  a  sugar  which  is  obtained  in 
the  preparation  of  pinicorretin  (p.  33),  but  is  somewhat  difficult  to 
crystallise  on  account  of  impurities.  This,  after  drying  at  100°,  con- 
tains 39*68  p,  c.  C,  6*92  H.,  and  53*40  0.  corresponding  to  the  formula 
(ji2_y[i2Qi2^  —  In  the  preparation  of  pinipicrin  from  pine-needles  (vid.  inf.) 
a  sugar  is  obtained,  which,  when  purified  by  dissolving*  it  in  aqueous 
alcohol,  evaporating  the  filtrate,  washing  the  crystals  with  ether- 
alcohol,  and  drying  at  100",  contains  42*3  p.  c.  C,  6*73  H.,  and  50*98  0., 
corresponding  to  the  formula  of  cane-sugar  (Kawalier,  Wien.  Akad. 
Ber.  11,  364  and  353).  The  former  sugar  should  perhaps  be  classed  with  inverse 
sugar,  the  latter  with  cane-sugar.     (Kr.) 

In  healthy  cereals^  and  even  in  harley-malt,  sugar  does  not  exist 
ready  formed,  but  is  rather  produced,  in  the  crushed  grain,  by  the 
action  of  diastase  and  water  (Mitscherhch,  N.  J.  Pharm.  4,  213 ; 
Pehgot,  N.  Ann.  Chim.  Phys.  29,  5  ;  Stein,  Polyt.  Centr.  1860,  181). 
The  sug<  r  thus  produced  is  perhaps  maltose.     (Kr.). 
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Preparation.  From  the  juice  of  the  Sugar-cane,  of  Sorghum  mccharaium, 
and  of  Mangold-wurzel.  The  juice  of  the  sugar-cane  is  obtained  by 
pressure,  that  of  mangold-wurzel  by  reducing  the  roots  to  a  fine  pulp, 
and  either  pressing  this  pulp  after  adding  a  quantity  of  water  equal  to 
20  per  cent,  of  the  weight  of  the  root,  or  lixiviating  it  with  cold  Avater, 
or  finally  by  subjecting  it  in  perforated  cylinders  to  the  rotatory  action 
of  the  centrifugal  machine.  —  The  juice  of  mangold-wurzel  is  heated  to 
G8°by  hot  steam,  every  1000  quarts  are  mixed  with  a  quantity  of  milk 
of  lime  prepared  from  12  lbs.  of  lime,  and  the  mixture  is  further  heated 
to  the  boiling  point,  whereby  phosphate  of  hme,  albumin,  albuminate  of 
lime  and  other  matters  are  separated  in  the  form  of  a  dense  white 
crust.  The  heating  is  interrupted  as  soon  as  the  boiling  juice  begins 
to  break  through  the  crust,  the  clear  Hquid  below  is  run  off,  and  tlie 
muddy  residue  is  submitted  to  pressure.  The  calcareous  thin  syrvp 
(Di'mnsaft)  thus  obtained  is  treated  with  carbonic  acid  (from  0*6  to  0*8 
p.  c.  lime  however  remains  dissolved  as  sugar-lime)  ;  separated  by  sub- 
sidence and  decantation  from  precipitated  carbonate  of  lime  ;  filtered 
through  bone-black,  which  removes  a  small  quantity  of  sugar-lime, 
and  evaporated  to  20 — 22°  Bm.,  either  in  open  pans  or  in  Robert's 
vacuum  apparatus.  The  thick  syrup  (Dicksaft),  again  filtered  through 
bone-black,  and  evaporated  in  vacuo  at  about  22"  barometric  pressure 
till  it  becomes  thick  enough  to  draw  out  into  threads,  yields,  after 
cooHng  and  standing,  crystals  of  cane-sugar,  and  the  mother-liquor, 
when  further  evaporated,  yields  a  second  and  third  crop,  till  nothing 
remains  but  uncrystallisable  molasses.  The  last  very  dark-coloured 
crop  of  crystals  is  moistened  with  water,  and  freed  from  adhering 
molasses  by  means  of  the  centrifugal  machine.  The  mixture  of  all  the 
successive  crops  of  crystals  thus  obtained  constitutes  the  i^aiv  sugar  of 
commerce. 

Purification.  Refining  of  cane-sugar.  An  aqueous  solution  of  cane- 
sugar  of  12°  Bm.  is  mixed  with  a  small  quantity  of  milk  of  hme,  and 
heated  to  the  boiling  point,  and  the  juice  is  decanted  from  the  impurities 
which  separate  in  the  form  of  a  crust,  then  filtered  through  bone- 
charcoal,  and  evaporated  in  vacuo.  The  strongly  concentrated  juice 
is  made  to  crystalhse  by  moderating  the  heat  and  running  in  small 
quantities  of  unthickened  juice,  whereupon  a  magma  of  sugar-crystals 
immediately  forms.  To  give  them  the  requisite  hardness,  heat  is  again 
applied,  the  crystalline  magma  is  left  to  drain  in  the  sugar-loaf  moulds, 
and  the  formation  of  small  uniform  crystals  is  promoted  by  stirring 
and  breaking  up  the  crust  which  forms  on  the  surface.  When  the 
crystallisation  is  complete,  the  apex  of  the  mould,  which  has  previously 
been  closed,  is  opened  to  allow  the  syrup  to  drain  off,  and  that  which 
remains  adhering  to  the  crystals  is  displaced  by  pouring  in  pure  sugar- 
syrup.  By  due  desiccation,  the  loaf-sugar  or  refined  sugar  of  commerce 
is  obtained.  When  purified  sugar-syrup  is  left  to  evaporate  slowly  and 
quietly  in  shallow  vessels,  in  which  threads  are  suspended,  the  sugar 
is  obtained  in  larger  crystals,  called  sugar  candy. 

Formerly,  ox  blood,  milk,  or  white  of  egg  was  used  for  clarifying  syrups.  On  the 
use  of  larger  quantities  of  lime  in  the  preparation  of  sugar,  see  Kuhhnann  {Ann.  PJiarm. 
27,17;  Dingl.  116,  61);  Rousseau  {Inst.  1850,  330;  Dingl.  115,457;  116,  297; 
118,  221;  125,  378);  Maumeng  {N.  J.  Pharm.  30,  354;  N.  Ann.  Ckim.  Phys. 
48,  23  ;  D'myl.  143,  285).  —  On  the  use  of  bisulphite  of  lime  in  the  refining  of  sugar, 
})reviouslv  recommended  by  Proust,  Dubrunfaut  &  Stolle,  see  Lieb.  Kopp.  Jahrcsber 
1819,  700;  Dumas  &  Melsens    {Dingl.  114,375;  115,  212);  Melsens  {N.Ann.  Chim. 
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Phys.  27,  273;  Ann.  Pharm.  72,  101;  Report  on  its  applicability,  T>ingl.  119,  448.) 
On  the  use  of  sulphurous  acid,  see  Calvert  {Dingl.  149,  136);  of  acetate  of  lead  and 
sulphurous  arid,  Scoffern  {Dingl.  110,  261;  118,  217;  Chem.  Gaz.  1850,  368; 
Pharm.  J.  Trans.  10,  108,  and  184;  also  Lieb.  Kopp.  Jahresber.  1850,  680).— On 
the  freeing  of  syrup  from  lime  by  soap,  see  Basset  (Z)m^^.  147,  129),  also  Stahlschmidt 
{Dingl.  149,  211) ;  by  hydrate  of  alumina,  see  Howard  {Dingl.  19,  384),  M^ne  {Dingl. 
146,  309^,  Cessner  &  Kletzinsky  {Dingl.  140,  376);  by  phosphate  of  alumina,  Daubeny 
{J.  pr.  Chem.  75,  255);  by  phosphate  of  ammonia,  Kuhlmann  {Dingl.  116,  61);  by 
acid  phosphate  of  lime,  carbonate  of  ammonia,  stearic  acid  or  oleic  acid,  Stammer 
{Dingl.  154,  210) ;  by  stearic  acid  and  silicic  acid,  Wagner  {Dingl.  153,  377).  On  the 
use  of  chloride  of  calcium,  see  Michaelis  (/.  pr.    Chem.  56,  435), 

From  Molasses.  According  to  Lepray  &  Dubrunfaut.  A  solution  of  caustic 
baryta  of  30°  Bm.  is  poured  into  the  molasses,  whereupon  the  whole 
solidifies  to  a  crystalline  pulp.  This  is  washed,  treated  with  carbonic 
acid,  and  freed  from  carbonate  of  baryta  by  filtering  and  decantation. 
A  syrup  of  18^  —  22°  Bm.  is  thus  obtained,  which  is  freed  from  the 
last  traces  of  baryta  by  means  of  gypsum  or  sulphate  of  alumina,  then 
clarified  and  boiled  down  as  above.  (Nickles,  Dingl.  131,  47.) 

On  the  small  scale.  The  best  process,  according  to  Marggraf,  is  to 
dry  and  pulverise  the  sacchariferous  portion  of  the  plant,  boil  it  with 
2  pts.  of  strong  alcohol,  filter,  and  leave  it  to  cool.  The  filtrate  set 
aside  for  some  time  yields  crystals  of  sugar. 

From  Fruits  likewise  containing  Inverse  Sugar.  The  expressed  fruit-juice 
is  filtered  (after  addition  of  an  equal  quantity  of  alcohol  if  necessary 
in  order  to  prevent  alterations),  then  saturated  with  slaked  hme  and 
again  filtered.  The  filtrate  heated  to  the  boiling  point  and  again  filtered 
at  that  temperature,  leaves  on  the  filter  insoluble  sugar-lime,  whicli 
after  thorough  washing  with  water,  is  decomposed  by  carbonic  acid. 
The  sugar-  solution  is  evaporated  to  a  syrup,  decolorised  with  animal 
charcoal,  mixed  with  alcohol  till  it  becomes  turbid,  and  left  to  crystal- 
hse  over  quicklime.  The  insoluble  sugar-lime  produced  at  the  boiling  heat  can- 
not include  more  than  f  of  the  total  quantity  of  sugar  present ;  hence  the  treatment 
with  lime  must  be  repeated.  —  If  the  decomposition  of  the  sugar-lime  with  carbonic 
acid  yields  very  turbid  liquids,  they  must  be  precipitated  with  basic  acetate  of  lead  and 
the  filtrate  treated  with  sulphuretted  hydrogen.     (Buignet.) 

Estimation  of  Cane-sugar.     Saccharimetry.     If  the  solution  contains 
nothing  but  cane-sugar,  the  specific  gravity  is  observed,  and  the  per- 
centage of  sugar  determined  therefrom  (vid.  inf.).    If  other  substances 
which  affect  the  density  are  likewise  present,  the  quantity  of  cane-sugar 
may  be  determined  :  —  1.  From  the  weight  of  carbonic  acid,  formed  in 
the  vinous  fermentation  of  the  sugar,   or  from  the  quantity  of  alcohol 
thereby  produced.    According  to  older  statements,  100  pts.  cane-sugar 
yield,  after  deduction  of  5*26  pts.  water,  51*44  pts.  carbonic  acid,  and 
53'80  absolute  alcohol)  according  to  Pasteur's  direct  determination, 
49-12  pts.  carbonic  acid  and  51'01  absolute  alcohol,  the  remaining- 
portion  of  the  sugar  being  consumed  in  the  formation  of  glycerin  and 
SUCCmiC    acid.     See  below  ;  also  Buignet's  description  of  the  process  {N.  Ann,  Chim. 
Phys.  61,  239) — 2.  From  the  weight  of  cuprous  oxide  which  the  sugar 
can  reduce  from  potassio-cupric  tartrate,   or  from  the  volume   of  a 
,  standard  solution  of  that  salt  decomposed  by  the  sugar.     For  this 
'  re-action,  the  cane-sugar  must  be  previously  heated  with  acids  to  con- 
!  vert  it  into  inverse  sugar,  which  reduces  the  same  quantity  of  cupric 
;  oxide  as  grape-sugar  (see  Grape-sugar).  —  3.  From  the  Rotatory  Power  of 
the  solution.     If  the  solution  contahis  only  cane-sugar,  or  at  least,  no 

R  2 
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other  optically  active  substance,  the  amount  of  sugar  may  be  calcu- 
lated from  the  rotatory  power  in  the  manner  presently  to  be  described 
(p.  246).  Turbid  or  gummy  solutions  are  mixed  with  y^  their  volume 
of  isinglass-solution,  then,  after  agitation,  with  1-J-  vol.  alcohol,  where- 
upon the  mixture,  without  being  heated,  coagulates,  and  yields  a  filtrate 
adapted  for  observation.  Coloured  solutions  are  decolorised  by  animal 
charcoal ;  but  as  tliis  substance  (according  to  some  statements)  takes 
up  sugar,  the  first  fourth  of  the  liquid  that  runs  through  is  rejected, 
and  only  the  remainder  used  for  the  observation.  —  If  in  addition  to 
cane-sugar,  the  solution  contains  grape-sugar  (inverse  sugar,  or  any 
other  optically  active  substance,  whose  rotatory  power  is  not  altered 
by  heating  with  acids),  the  amount  of  cane-sugar  may  be  determined 
by  observing  the  rotatory  power  of  the  solution  both  before  and  after 
inversion  (p.  244),  the  temperature  being  likewise  observed  in  the 
latter  case.  The  first  observation  having  been  made,  100  c.  c.  of  the 
solution  are  mixed  with  10  c.  c.  fuming  hydrochloric  acid,  the  mixture 
heated  to  68°,  and  kept  at  that  temperature  for  a  quarter  of  an  hour. 
Since  the  rotatory  power  of  the  solution  cooled  to  the  original  tem- 
perature (supposing  the  observation  to  have  been  made  in  a  tul 
longer  by  one-tenth  than  the  former),  remains  unaltered  in  so  far  as  i1 
was  due  to  the  grape-sugar,  whereas  the  cane-sugar  has  been  replaced 
by  inverse  sugar,  the  amount  of  cane-sugar  may  be  calculated  from 
the  rotatory  power  peculiar  to  this  inverse  sugar,  as  follows:  — The 
rotatory  power  (a)  observed  before  inversion  was  made  up  of  the 
molecular  rotatory  power  (c)  of  the  cane-sugar  (C),  and  that  of  the 
grape-sugar  {g  G)  ;  therefore 

a  =  cC  -\-  g  G. 

The  rotatory  power  {a)  observed  after  inversion  is,  in  like  manner, 
made  up  of  the  unaltered  rotatory  power  of  the  grape-sugar  {g  G\ 
and  that  of  the  inverse  sugar  {i  C)  ;  therefore 

«'  =  i  C  -\-g  G. 

Consequently  the   difference,   a  —  a',    of  the  rotations   observed 
before  and  after  inversion  is  equal  to  c  C  —  i  C. 

a  —  a  =:  C(c~i). 
or,  finally, — 

c  —  t 
Suppose  for  example  a  sugar-solution  before  inversion  turns  the  plane 
of  polarisation  25-96"  to  the  right,  and  after  inversion,  5*80°  to  the 
right  at  a  temperature  of  14°  ;  then  a  =  25*96  and  a  =  5*80.  Now 
the  molecular  rotatory  power  of  cane-sugar  (c)  is  73-8°,  that  of  grape- 
sugar  56°,  that  of  inverse  sugar  (or  more  exactly,  the  rotatory  power 
of  that  quantity  of  inverse  sugar  which  would  be  produced  from  the 
unit  of  weight  of  cane-sugar  adopted  in  determining  the  molecular 
rotatory  power  of  cane-sugar)  is— 27°  at  the  temperature  of  14°  :  con- 
sequently 

^       25-96  — 5-80  ^         20-16 

^=73-8    -h27        ^^     ^=100^=0*20' 
which  quantity  therefore  gives  the  number  of  parts  by  weight  of  cane- 
sugar  contained  in  a  unit  of  weight  of  the  solution  employed,  or  when 
multiplied  by  100,  the  percentage  of  cane-sugar  in  the  solution. 
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Suppose  another  eugar-solution,  before  inversion  to  turn  the  plane 
of  polarisation  9-36°  to  the  right,  and  after  inversion  10'80°  to  the 
left  (  =  —  10-80^  to  the  right).  In  this  case,  a  =  9-36  ;  «'  = 
—  10-80);  a  —  a'  =  d'o6  +  10-80  =  20-16,  which  number  divided  by  100*8 
again  gives  0*2,  or  20  p.  c.  of  cane-sugar  in  the  solution.  If,  in  both 
cases,  the  nature  of  the  second  optically  active  substance  present  in 
addition  to  the  cane-sugar  is  knov^ni,  its  quantity  may  be  determined 
from  the  observations  just  described  ;  if,  on  the  other  hand,  its  quantity 
is  previously  known,  its  nature  may  be  determined;  thus  it  might  be 
inferred  that  grape-sugar  was  present  in  the  first  case,  besides  the  cane- 
sugar,  in  the  orig-inal  solution,  and  inverse  sugar  in  the  second.  This 
mode  of  proceeding,  hov,^ever,is  admissibJc,  only  when  the  deflection  after 
inversion  has  been  observed  at  a  temperature  for  which  the  molecular 
rotatory  power  of  the  inverse  sugar  (which  varies  with  the  temperature, 
has  been  previously  determined.  According  to  Biot  (Comjji.  rend.  15,  523, 
619,  and  694;  17,  755)  and  Clerget.  See  Clerget's  method  (;V  Ann.  Chim.  Phys. 
26,  175  ;  Ann.  Pharm.  72,  145  ;  abstr.  Compt.  rend.  23,  259  ;  Lieb.  Kopp.  Jahresber. 
1849,  126).  This  method  presupposes  the  use  of  Soleil's  saccharimeter,  and  Clerget 
denotes  by  100  the  deflection  produced  by  1  mm.  quartz,  or  200  mm.  of  a  normal 
sugar-solution  containing  16'471  grni.  cane-sugar  in  100  cubic  centimetres. 

Properties.  Large,  transparent,  colourless  crystals,  belonging  to 
the  monoclinic  system.  Fig.  83  without  t.  Combination  of  a  rhombic 
prism  u  with  the  acute  lateral  edges  of  the  oblique  basic  end-face  i^ 
truncated  by  m.  More  complex  crystals  likewise  exhibit  a  back 
oblique  end-face  /  (jPz^.  84)  as  well  as  the  front  obhque  end-face /(not 
shown  in  the  figure)  between  i  and  711 ;  also  the  prism  a  parallel  to 
the  clinodiagonal,  for  the  most  part  developed  on  the  left  side  only. 
The  crystal-electricity  (i,  319)  takes  the  direction  of  these  faces 
(according  to  Hanke),  inasmuch  as  when  the  temperature  is  lowered, 
the  antilogous  (negative)  pole  appears  on  that  side  of  the  crystal  on 
which  the  two  a  faces  are  developed. — Rammelsberg  obtained  the  prism  :c 
perfectly  developed  from  a  solution  containing  chloride  of  sodium.  lie 
further  observed  the  octahedral  faces  0  (which  truncate  the  edges  i :  u 
and  lie  in  the  same  zone  with  m)  corresponding  to  the  similarly 
situated  0  '-faces  behind.  These  two  faces  have  hitherto  been  found 
only  on  the  left  side.  The  crystals  are  generally  tabular,  from  the 
extension  of  m  in  the  direction  of  right  and  left  :—r*  :w  =  101°  32' 
(Wolff),  101°  30'  (Rammelsberg) ;  m  :  i=  103°  30'  (W.),  103°  17'  (R.); 
m:/'  =  134°  23'  (R.) ;  n/=  140°  40'  (R.);  m:/=115°  33'  (R.) ; 
e:/=  141°  0'  (W.),  141°  43'  (R.).  Cleavage  distinct  parallel  to  m. 
Twin  crystals  have  the  faces  m  common  to  both,  the  oblique  summits  i 
lie  reversed,  and  the  left  sides  of  the  crystals  arc  turned  towards  each 
other.  The  plane  of  the  optic  axes  is  perpendicular  to  m  and  i  (Miller, 
Pogg.  56,  630) ;  one  optic  axis  makes,  with  the  perpendicular  to  w,  an 
angle  of  about  1°  26'  towards  the  lower  side  ;  the  other  lies  about  50° 
above  it.  (Wolf,  J.  pr.  Chem.  28, 129 ;  Rammelsberg,  ?Iandbuch,  Berhn, 
1855,  397  ;  comp.  also  von  Kobell,  Repert.  34,  279  ;  Hankel,  Pogg.  49, 
495 ;  Kopp,  Einleitung,  Braunschweig,  1849,  312 ;  Berthelot,  N.  Ann. 
Chim.  Phjs.  55,  287.) 

Molecular  rotatory  power  *  [a]^"  =  73'84  to  the  right  (Dubrunfaut, 

*  We  must  liere  add  to  what  has  been  ah-eady  said  (vii.  64)  about  circular  polarisa- 
tion, the  explanation  of  the  expressions  used  in  the  text,  —  molecular  rotatory  power, 
tpecific  rotatory  power,  or  of  the  symbol  [a]  used  to  stand  for  these  expressions.     By 
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Compt.  rend.  42,  901);  71-26,  or  [a]r  =  54-636  (Biot,  Compt.  rend.  15, 
625  and  706).  According  to  Dubrunfaut,  Biot's  cane-sugar  was  not 
perfectly  pure.  Comp.  also  Wilhelmy  {Pogg.  81,  527 ,  Lieb.  Kopp. 
Jahresher.  1850,  176).  The  rotatory  power  varies  but  little  with 
changes  of  temperature.     (Ventzke.) 

Sp.  gr.  1-6065  (Fahrenheit),  1-63  (Dubmnfaut.),  1-593  at  3-9° 
(Joule  &  Playfair,  Chem.  Soc.  Qu.  J.  1,  121) ;  sp.  gr.  of  the  crystals. 
1-58,  of  the  powder,  1-61  (Kopp)  ;  of  sugar-candy,  1-58933  at  13°,  of 
melted  barley-sugar,  1*5092  (Biot,  Anri.  Pharm.  52,  195).  Harder  than 
any  other  kind  of  sugar  except  milk-sugar ;  emits  light  when  struck 
in  the  dark. 


molecular  rotatory  power  is  understood  the  number  of  degrees  through  which  a  stra- 
tum of  the  pure  substance,  100  milHmetres  thick,  would  rotate  the  plane  of  polarisation, 
supposing  its  sp.  gr.  were  =1.  This  [a]  being  known,  the  rotation  a  of  the  plane  of 
polarisation,  caused  by  a  stratum,  100  mm.  thick,  of  a  solution  containing  s  grammes  of 
substance  in  1  gramme  solution  is  expressed  by  a  =  f  [a],  supposing  that  the  sp.  gr.  of  J 
the  solution  is  1.  If,  however,  the  sp.  gr.  =  d,  we  have  a  =  e  [o]  d.  If  the  thickness! 
of  the  stratum  is  \  times  100  mm.,  a  finally  becomes  =  £[a]^A.  —  If  the  rotation  a  has 
been  found  by  experiment,  the  quantity  of  substance  t  in  1  gramme  solution,  and  hence 

the  percentage  contained  in  the  solution,  is  given  by  the  equation  e  =  — .  —  If,    oa 

[a]()X. 
the  other  hand,  it  is  desired  to  determine  the  molecular  rotatory  power  [a],  we  have 

the  equation  [a]  =  — j-. 

Examples.     1.  The  specific  gravity  of  a  solution  of  grape-sugar  ([a]  =  57*6)  is 

found  to  be  1'048,  and  its  rotatory  power,   in  a  tube  2  decimetres   long,  13 '7  degrees. 

13*7 

Hence  1  gramme  of  the  solution  contains  t  =  =  0*11347  grms.  grape- 

57*6x2x1*048 

sugar,  or  the  solution  contains  11*347  p.  c. 

2.  By  dissolving  11*347  grms.   grape-sugar  in   88*653  grms.  water,  a  solution  is 

obtained  whose  sp.  gr.  is  1*048,  and  whose  rotatory  power,  in  a  tube  2  decimetres  long, 

is  13*7  degrees.     Hence  the  molecular  rotatory  power  of  grape-sugar  is  given  by  the 

equation : — 

[a]  =  ^-^ =  57*6. 

■-  -"       0-11347  +  2  +  1048 

If  (as  is  usually  the  case)  the  solution  is  prepared  by  weighing  out  a  certain  quantity  of 
substance  and  making  up  the  solution  to  a  known  measure,  either  the  specific  gravity 
must  be  determined,  and  hence  the  percentage  amount  contained  in  the  solution  calcu- 
lated ;  or  else  (according  to  Berthelot)  the  molecular  rotatory  power  is  calculated  from 
the  observed  rotation  (a),  the  weight  in  grammes  (p)  of  the  dissolved  substance,  the 
volume  of  the  solution  in  cubic  centimetres  (V)  in  which  jo  is  contained,  and  the  length 
(/)  of  the  tube  expressed  in  decimetres,  by  aid  of  the  formula  (deduced  from  that  given 
above), — 

[a]  =  a  il. 
Ip 

Example.  11*892  grms.  grape-sugar  is  dissolved  in  water,  the  solution  made  up  to 
100  cubic  centimetres,  and  the  rotation  is  found  to  be  13*7  degrees  in  a  tube  of  2  deci- 
metres.    Hence  the  molecular  rotatory  power  is — 

The  statements  in  the  text  relative  to  the  value  of  [a]  apply  either  to  the  red  ray, 
and  are  then  denoted  by  [a^r,  or  to  the  yellow  ray  (equivalent  to  the  transition-tint 
between  blue  and  violet),  and  are  then  denoted  by  [a]  or  [a]j.  Almost  all  the  modern 
determinations  refer  to  the  transition-tint ;  those  which  refer  to  the  red  ray  become 
comparable  with  the  others,  according  to  Biot,  after  multiplication  by  |^.     (Kr.) 
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Many  other  chemists  have  also  analysed  cane-sugar;  for  example  Prout,  Gay- 
Lussac  &  Th6nard,  Dobereiner,  W.  Crum,  Berthollet,  Herrmann,  Brunner  {Pogg.  34, 
333),  O.  Henry  &  Plisson  (/.  Pharm.  16,  597),  Erdmann  &  Marchand  {J.pr.  Chem. 
23,  174),  Feligot  {Ann.  Chim.  Phys.  67,  113). 

Sugar-candy  and  refined  sugar  prepared  from  niangold-wurzel,  cane-,  and  maple- 
sugar  have  been  examined  with  like  results. 

Liebig  {Pogg.  31,  341  ;  Ann.  Pharm.  9,  21)  first  gave  the  correct  formula,  deducing 
it  from  the  products  of  decomposition.  This  formula  was  adopted  by  Berzelius 
{Jahresber.  15,  291).  Earlier  formula  :  Ci^hh-sou  (Berzelius),  CHCQC  (Dobereiner), 
C^H^O^  (Dumas  &  BouUay),  C^HSO^  (Prout.) 

Decompositions.  1.  Cane-sugar  melts  at  160°  or  161°  (at  180°  : 
Peligot),  without  losing  weight,  to  a  clear,  pale  yellow  liquid,  from 
which  only  part  of  the  sugar  can  be  regained  in  the  crystalhsed  form. 
(Berzelius,  Pogg.  47,  321).  If  the  melted  mass  is  kept  at  the  same 
temperature  for  a  long  time,  it  is  decomposed,  without  loss  of  weight, 
into  levulosan  and  dextro-glucose  ;  C^^H^O^^  =z  C^^H^^O'"  +  G^''WO'\ 
(Gelis.) 

Melted  sugar  has  the  appearance  of  fruit-sugar,  but  reduces  only 
half  as  much  potassio-tartrate  of  copper  as  an  equal  weight  of  glucose. 
Only  one-half  of  it  is  fermentable,  the  glucose  being  destroyed  by 
fermentation  and  the  levulosan  remaining  in  solution.  It  deflects 
the  plane  of  polarisation  [oi]j  =  35°  to  38''  to  the  left,  about  as  much 
as  a  mixture  of  equal  atoms  of  levulosan  and  glucose  would  deflect  it. 
(Gehs,  Compt.  rend.  48,  1062.) 

Sugar,  melted  in  a  chloride-of-zinc  bath  at  160°,  has  a  smaller 
molecular  rotatory  power  than  cane-sugar,  does  not  crystalHse  again, 
deliquesces  in  the  air,  is  easily  soluble  in  absolute  alcohol,  and  ferments 
with  yeast.  (Mitscherlich,  Pogg.  55,  222  ;  Berz.  Jahresber.  22,  482.) 
Melted  sugar  has  not  the  same  specific  heat  as  cane-sugar  (Hermann, 
J.  pr.  Chem.  12,  295),  nor  amorphous  sugar  the  same  melting  point  as 
crystalhsed  sugar.  (Wohler,  Ann.  Pharm.  51,  755.)  —  When  cane- 
sugar  is  melted  with  a  little  water,  as  for  the  preparation  of  barley- 
sugar  or  of  bonbons,  at  a  temperature  which  does  not  exceed  165°,  it 
solidifies  on  cooling  to  a  vitreous  mass,  consisting  mainly  of  cane-sugar 
containing  enclosed  water.  In  the  course  of  time,  this  water  dissolves 
particles  of  the  cane-sugar,  which  afterwards  crystallise  out  (because 
an  amorphous  body  is  more  easily  soluble  in  water  than  a  crystalhsed 
body),  until,  by  continued  alternate  solution  and  crystahisation,  the 
whole  mass  has  become  crystalline.  (Mitscherlich.)  If  melted  sugar  in 
the  vitreous  state  is  allowed  to  cool  to  SS'',  and  then  quickly  and  often 
drawn  out,  doubled  together  and  drawn  out  again  until  it  forms  a 
mass  of  threads,  its  temperature  rises  in  two  minutes  from  40°  to  80°, 
and  it  becomes  a  crystalline  mass.  Barley-sugar  and  bonbons  are 
transformed  into  a  similar  mass  by  long  keeping.  (Graham.)  —  Cane- 
sugar  melted  with  a  very  small  quantity  of  water  acidulated  with 
acetic  acid,  so  that  it  sohdifies  to  a  vitreous  mass  of  sp.  gr.  1-509, 
rotates  the  plane  of  polarisation  more  feebly  than  unaltered  cane- 
sugar,  and  somewhat  more  feebly  in  the  sohd  state  than  when  again 
dissolved.     (Biot,  A?in.  Pharm.  52,  195.) 


248  CARBO-HYDRATES  C»H»0». 

Caiie-sug-ar,  heated  above  180°,  becomes  brown  and  loses  weig-lit, 
and,  if  then  exposed  to  the  air,  absorbs  more  water  than  it  had 
lost,  deliquesces,  and  behaves  with  alkahs  like  glucose.  (Peligot.) 
Browning  first  takes  place  when  the  sugar  is  continuously  heated  to 
160'";  no  loss  of  weight  occurs,  because  the  water  which  is  set  free 
converts  the  still  remaining  levulosan  into  Igevo-glucose.    (Gehs.) 

Cane-sugar,  heated  for  a  long  time  to  between  210°  and  220°,  froths 
up,  becomes  continually  darker  and  darker  brown,  evolves  a  large 
(|iuiiitity  of  water  containing  traces  of  acetic  acid  and  volatile  oil 
(furfurol :  Volckel),  and,  w^hen  the  frothing  has  ceased,  is  converted 
into  caramel,  with  which  unaltered  sugar  and  a  bitter  substance 
(assamar)  are  sometimes  mixed.  At  a  higher  temperature,  or  when 
the  heat  is  too  long  continued,  further  loss  of  w^ater  occurs  and  a  sub- 
stance insoluble  in  water  is  produced.  (Pehgot.)  At  250°  the  residue 
of  the  sugar  is  still  for  the  most  part  soluble  in  water,  and  only  a 
small  quantity  of  the  insoluble  substance  (Volckel's  caramelane)  is 
formed ;  this  body  is  produced  more  abundantly  between  250°  and 
300°,  products  of  further  decomposition  being  formed  at  the  same  time. 
(Volckel.)  As  low  as  190°,  three  products  are  successively  produced 
from  cane-sugar;  the  first  of  them,  caramelane^  constitutes  the  chief 
part  of  the  residue  when  the  loss  of  w^eight  amounts  to  10  p.  c. ;  when 
the  loss  is  14  or  15  p.  c,  caramelene  is  obtained ;  when  it  amounts  to 
20  p.  c,  scarcely  anything  but  carainelin.  (Gelis.)  Reichenbach's 
assamar  is  also  produced  by  the  roasting  of  cane-sugar  (by  heating  to 
225°  :   Pohl).      See  also  Mulder  ( J.  ;;r.  Chem.  16,  245). 

On  treating  with  alcohol  the  residue  obtained  by  heating  cane-sugar 
or  glucose  in  an  oil-bath  to  210°  or  220°,  unaltered  sugar  and  bitter 
tasting  substances,  are  dissolved,  and  Pehgot's  caramel  remains  behind 
as  a  tasteless,  black,  shining  mass,  containing  when  dried  at  180°,  on 
an  average,  46*65  p.  c.  carb.,  6-18  hydr.,  and  47*17  oxyg.,  correspond- 
ing to  the  formula  C^^H^^O^^  which  requires  47*06  p.  c.  carb.,  5*88  hydr., 
and  47*06  oxyg.  It  is  soluble  in  water,  precipitable  by  baryta-water 
and  ammoniacal  sug'ar  of  lead,  not  fermentable,  and  insoluble  in 
alcohol.   (Peligot.)   See  also  Pohl.  ( Wien.  Akad.  Ber.  41,  623 ;  /.  pr.  Chem.  2,2, 148.) 

If  the  caramel  is  extracted  by  water  from  the  residue  obtained  by 
heating  cane-sugar  to  250°,  caramelane  remains  as  a  black  substance 
insoluble  in  alcohol,  partially  soluble  in  potash-ley,  containing  55*09  p.  c. 
carb.,  5*14  hydr.,  and  39*77  oxyg.,  answering  to  the  formula  G^^H^O^^ 
which  requires  55*17  p.  c.  carb.,  4*98  hydr.,  39*85  oxyg.  (Volckel, 
Ann.  Pharm.  85,  94.)  According  to  Gelis,  both  these  substances  are 
mixtures :  vid.  infr. 

Reichenbach's  ^55«Mm' (Comp.  Volckel's  Assamar,  p.  50).  The  bitter 
substance  produced  by  roasting  sugar.  —  It  is  formed  by  the  roasting 
of  gum,  starch,  giutiu,  gelatin,  albumin,  and  flesh,  and  in  the  roasting-, 
baking,  or  frying  of  eatables  containing  these  substances.  —  Reichen- 
bach  heats  either  of  these  substances, — unsalted  wheat-bread  answers 
best, — on  a  hot  hearth- plate,  until  it  becomes  brown ;  breaks  it  up 
v/hile  still  warm  ;  allows  the  powder  to  cool  out  of  contact  with  air  ; 
and  exhausts  it  with  absolute  alcohol.  He  separates  the  alcohol  by 
distillation;  heats  the  residue  moistened  wath  Ava^-er  to  100^;  allows  it 
to  cool  very  slowly ;  removes  the  fat  Avhich  has  separated  out ;  neutra- 
lises with  milk  of  lime;  heats  toboihng,  and  adds,  by  small  portions  at 
a  time,  20  or  30  measures  absolute  alcohol,  or  so  much  that  the  precipitate 
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Avliich  is  at  first  produced  does  not  re-dissolve,  even  on  boiling.  After 
removing-  the  alcohol  from  the  cooled  clear  solution  by  distillation,  the 
residue  is  repeatedly  dissolved  in  hot  alcohol  as  often  as  anything  is 
deposited  from  the  solution  on  cooling ;  etlier  is  added  to  the  clear 
solution  in  small  quantities,  as  long  as  the  precipitate  produced  has 
a  sweet  taste ;  and  the  assamar,  which  remains  dissolved  through  all 
these  operations,  is  obtained  by  evaporating  the  ether  and  alcohol,  and 
finally  drying  in  small  quantities.  —  Solid,  transparent,  amber-yellow, 
amorphous  gum,  brittle  and  having  a  conch oidal  fracture.  Neutral. — 
It  is  decomposed  when  heated  alone  or  with  water,  loses  its  bitterness, 
and  is  transformed  into  the  substance  wdiich  is  separated  by  alcohol 
in  the  preparation  of  assamar.  —  Assamar  is  decomposed  by  chlorine^ 
when  heated,  losing  its  colour  ;  by  hot  niiric  acid,  without  formation  of 
mucic  or  of  oxalic  acid ;  by  oil  of  citriol  with  blackening,  not  by  dilute 
sulphuric  acid.  Not  altered  by  cold  potash-ley ;  when  boiled  therewith 
it  loses  its  bitterness,  which  acids  do  not  restore.  It  reduces  nitrate 
of  silver^  throws  down  a  blue-black  precipitate  horn  chloride  of  gold,  and 
cuprous  oxide  from  acetate,  not  from  sulphate  of  copper.  Not  ferment- 
able.—  Assamar  is  hygroscopic,  dehquescent,  soluble  in  ivater  in  2i\\ 
proportions,  and  not  precipitablo  by  acids,  alkalis,  alkaline- earths,  borax, 
tincture  of  gcdls,  or  isinglass.  It  dissolves  slowly  and  sparingly  in  cold, 
abundantly  in  boihng  absolute  cdcohol,  and  is  partially  precipitated  by 
ether.  (Reichenbach,  Ann,  Pharm.  49,  1.)  Vo\\[{Wien.  Akad.Ber.  41, 
623),  liaving  found  that  a  purely  bitter  alcoholic  extract  of  cane-sugar 
heated  to  228°,  acquired  a  sweet  taste  when  dissolved  in  water  and  so 
preserved  for  some  years,  supposes  assamar  to  be  capable  of  regene- 
rating glucose. 

2.  Cane-sugar  subjected  to  dri)  distillation,  froths  up  strongly  at 
about  250°  or  300°,  after  having  been  previously  transformed  into 
caramel,  and  yields  at  first  a  shglitly  sour,  yellow-distillate ;  then  a 
darker  coloured,  turbid  distillate  ;  and,  at  last,  one  which  is  viscid  and 
strongly  acid.  When  it  is  slowly  heated,  gases  first  make  their 
appearance  towards  the  end  of  the  distillation,  amounting  to  12  or 
18  p.  c.  of  the  sugar,  while  a  vesicular,  carbonaceous  residue  amounting 

to  32  or  34  p.  C.  remains.  —  Comp.  also  Cruikshank  {Scher.  J.  1,  637);  Vauque- 
lin  (Bw//.PAarm.  3,  49).  —  The  ^rts  which  escapes  at  first  is  nearly  pure 
carbonic  acid;  afterwards  carbonic  oxide  and  marsh-gas  are  mixed 
with  it.  (Volckel,  A7in.  Pliarm.  %Q,  63).  —  The  aqueous  distillate 
(Volckel's  sugar -vinegar)  becomes  clear  on  standing  from  the  seiDaration 
of  a  viscid  oil.  This  yields,  by  fractional  distillation,  a  very  volatile, 
yellowish  liquid,  which  contains  aldehyde  {Ann.  Pharm.  87,  303), 
acetone,  and  acetic  acid,  and  is  followed  if  the  distillation  is  continued, 
])y  a  mixture  of  acid  water  and  yellow  oil,  while  a  red-brown  liquid 
(Volckel's  sugar-tar)  remains.  —  The  yelloiv  oil,  distilled  with  water 
after  addition  of  potash-ley,  diied,  and  then  rectified  alone,  yields, 
between  100°  and  150°,  a  distillate  which  has  a  density  of  1-005  at  15° 
and  amounts  to  yV  of  the  whole  quantity;  this  product  is  neutral, 
precipitates  silver  from  ammoniacal%itrate  of  silver,  and  turns  brown 
and  is  destroyed  by  contact  with  potash-ley.  The  remainder,  which 
distils  between  160°  and  180°,  contains  chiefly  furfurol  (x,  371)  (of 
various  kinds,  according  to  Volckel),  together  with  a  small  quantity  of 
an  oil  which  is  unalterable  by  potash,  and  traces  of  oil  of  bitter 
almonds,  recognisable  by  the  smell  —  Furfurol  can  still  be  extracted 


250  CARBO-HYDRATES  Ci«H"0". 

by  ether  from  the  sugar-vinegar  freed  from  oil  as  far  as  possible  by 
distillation ;  the  sugar- vinegar  leaves  a  residue  of  tar,  produced  by 
the  decomposition  of  assamar-acetic  acid,  every  time  it  is  distilled, 
while  a  certain  quantity  of  this  substance  and  common  acetic  acid 
pass  over.  The  sugar-tar  contains  products  of  decomposition,  partly 
of  the  volatile  oils,  partly  of  assamar.  If  three-quarters  of  the 
crude  sugar-vhiegar  are  distilled  off,  the  decomposition-products  of 
the  volatile  oils  removed  by  filtration,  and  the  filtrate  distilled,  a  large 
quantity  of  acid  sugar-vinegar  passes  over  below  120°,  while  a  red- 
brown  sugar-tar  remains,  which  becomes  viscid  on  cooling,  has  a 
strong,  bitter,  and  sour  taste,  and  amounts  to  6  p.  c.  of  the  sugar- 
vinegar.  Addition  of  water  throws  down  a  red-brown  product  of 
decomposition  of  assamar,  whereof  more  is  obtained  by  concentrating 
the  filtrate  and  precipitating  with  water,  while  a  bitter  substance, 
Volckel's  assamar,  remains  dissolved  in  the  supernatant  red-brown 
liquid. 

Yolckel's  Assamar.  The  red-brown  liquid  obtained  from  sugar-tar 
is  exactly  neutralised  with  carbonate  of  soda,  and  evaporated  on  the 
water-bath  to  a  syrup,  whence  assamar  and  other  substances  are 
extracted  by  boiling  with  absolute  alcohol;  and  the  cooled  extract  is  pre- 
cipitated by  several  volumes  of  ether,  whereby  acetate  of  soda  and  red- 
brown  substances  are  precipitated.  The  ether-alcoholic  solution,  when 
distilled  in  the  water-bath,  leaves  assamar  behind  as  a  brown  syrup, 
which  is  purified  by  solution  in  ether,  evaporation  of  the  filtrate,  solu- 
tion in  water,  removal  by  filtration  of  the  insoluble  portion,  and 
evaporation  in  vacuo.  It  is  thus  obtained  as  a  yellowish-red  trans- 
parent, viscid,  neutral  syrup,  which  does  not  solidify  in  vacuo,  and 
contains  on  the  average  54*70  p.  c.  carb.,  5*40  hydr.,  and  39*90  oxyg. 
(Hence  Volckel  calculates  the  formula  C^°I1"0",  but  one  of  the  follow- 
ing formula?  appears  more  probable,  bC^W^O^^  +  HO  or  C^^H^oQ^",  the 
first  of  which  requires  the  same  percentage  composition  as  Volckel's 
formula,  and  the  second  54*54  p.  c.  carb.,  5*05  hydr,,  and  40*41  oxyg. 
fKr.])  According  to  Volckel,  the  substance  is  the  same  as  Reichen- 
bach's  assamar  before  the  latter  has  been  altered  and  rendered  solid  by 
Keichenbach's  method  of  preparation. —Assamar  becomes  more  fluid  when 
heated.  It  does  not  sohdify  even  at  120°  or  140°,  so  that  its  fluidity 
cannot  be  due  to  adhering  water.  Above  200°  it  is  decomposed,  with 
formation,  of  a  sohd  substance.  — By  boiling  with  dilute  h7/drochlonc 
acid,  it  is  changed  into  a  brown  substance  which  is  insoluble  in 
water,  and  contains  on  an  average  65*18  p.  c.  carb.,  4*55  hydr.,  and 
30*77  oxyg.,  corresponding  therefore  in  composition  to  Mulder's 
ulmin  from  sugar  and  perhaps  having  the  formula  C''*H^O® ;  traces  of 
formic  acid  are  produced  at  the  same  time  as  this  substance.  By  treat- 
ment with  potash-ley  it  is  further  split  up  into  a  soluble  and  an  inso- 
luble portion,  each  of  which  contains  oxygen  and  hydrogen  in  the 
same  proportion  as  water.— Assamar  yields  the  same  products  by 
boiling  with  potash-ley  as  with  acids.  The  red-brown  alkaline  solution, 
precipitated  by  hydrochloric  acicPafter  several  hours'  boihng,  yields 
brown  flocks,  which,  if  covered  with  potash-ley,  after  being  washed, 
partly  dissolve  and  partly  swell  up  to  insoluble  potash-compounds : 
freed  from  potash  by  hydrochloric  acid,  they  contain  61*36  p.  c.  carb., 
4*60  hydr.,  and  34*04  oxyg.,  corresponding  to  the  formula  C^-H^O'* 
(calculation  61*53  p.  c.  carb.,  4*27  hydr.,  and  34*20  oxyg.)— Assamar 
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colours  aqueous  bichromate  of  potash  brown  when  boiled,  and  reduces 
ammomacixi  nitrate  of  silver  with  the  aid  of  heat. — It  is  hygroscopic, 
dissolves  easily  in  water,  and  is  precipitated  from  the  solution  by 
animal  charcoal.  It  dissolves  hydrate  of  lime,  precipitates  ammoniacal 
sugar  of  lead,  and  is  easily  soluble  in  alcohol  and  ether.  (Volckel,  Ann. 
Pharm.  85,  74). 

3.  When  oxygen  or  air,  especiall}^  ozonised  air,  is  passed  over  dry 
or  aqueous  cane-sugar,  carbonic  acid  and  water  are  formed  at  the 
common  temperature,  the  rest  of  the  sugar  remaining  unchanged. 
A  piece  of  cane-sugar  (weighing  1  drachm)  left  in  contact  with 
oxygen  confined  by  mercury  for  three  months,  produced  5  cc.  car- 
bonic acid  in  95  cc.  oxygen.  (Karsten,  Berl.  Akad.  Ber.  Jan.  18G0  ; 
abstr.  J.  pr.  Chem.  79,  226.)  — Aqueous  solution  of  cane-sugar  is  not 
altered  by  ozone.  (Gorup-Besanez,  Ann.  Pharm.  110,  103).  If  cane- 
sugar  mixed  with  a  little  hydrate  of  lime  is  covered  with  a  stratum  of 
ozonised  oil  of  turpentine  and  left  for  seven  months,  oxalic  acid  is 
formed,  while  the  rest  of  the  sugar  remains  unchanged.  (Berthelot, 
N.  Ann.  Chvtn.  Phys.  58,  426). 

A¥hen  oxygen  is  passed  over  a  mixture  of  cane-sugar  and  spongy 
platinum,  formation  of  carbonic  acid  and  water  commences  at  140°  — ■ 
150°,  and  at  250°  the  sugar  is  completely  decomposed.  (Reiset  & 
Millon,  iV^.  Chim.  Phys.  8,  285 ;  J.  pr.  Chem.  29,  365).  —  Cane-sugar 
mixed  with  spongy  platinum  is  not  affected  by  oxygen  at  the  common 
temperature,  but  becomes  heated  on  addition  of  potash,  and  is  oxidised 
to  carbonic  acid  and  water.    (Dobereiner,  J.  pr.  Chem.  29,  452). 

4.  Cane-sugar  swells  up  in  the  open  fire,  produces  an  aromatic, 
choking  smell  of  caramel,  and  burns  with  a  white  tiame.  —  In  the 
combustion  of  large  quantities  of  sugar,  a  powerful  smell  is  produced 
allied  to  acrolein,  which  attacks  the  eyes  and  causes  them  to  inflame. 
(Redtenbacher,  Ann.  Pharm.  Al,  148). 

5.  Cane-sugar  takes  fire  when  triturated  with  8  pts.  peroxide  of 
lead.  (Bottger).  Its  aqueous  solution  yields  formic  and  carbonic  acids 
by  boiling  with  peroxide  of  lead,  but  not  so  easily  as  glucose.  (Stii- 
renberg,  Ann.  Pharm.  29,  291.)  —  By  distillation  \\\i\\  peroxide  of  man- 
ganese and  sulphuric  acid,  it  yields  formic  acid  and  a  strong-smelling 
yellow  oil,  heavier  than  water,  which  may  be  obtained  pure  by  neu- 
tralising the  distillate  with  a  base,  distilhng  off  the  volatile  part,  and 
rectifying  over  chloride  of  calcium  ;  it  is  then  found  to  be  soluble  in 
water.  (Dobereiner,  Schw.  63,  368).  Comp.  also  Gmelin  {Pogg.  16,  55). 
Peroxide  of  manganese  does  not  act  upon  sugar  without  the  addition 
of  sulphuric  acid.  (Stiirenberg.) — Formic  acid  is  obtained  by  distil- 
ling it  with  bichromate  of  potash  and  moderately  dilute  sulphuric  acid. 
(W.  &  R.  Rogers  ;  HUnefeld,  J.  pr.  Chem.  7,  44.)  When  solution  of 
cane-sugar  is  mixed  with  hot  concentrated  aqueous  bichromate  of 
potash  and  the  mixture  heated  to  boiling,  a  violent  re-action  sets  in, 

I  which  continues,  even  after  removal  of  the  lamp,  until  the  solution  has 
become  green.  If  |  or  a  larger  quantity  of  starch-syrup  is  mixed 
with  it,  no  re-action  or  change  of  colour  occurs.  (Reich,  J.  pr.  Chem. 
43,  72). 
Dilute  solution  of  cane-sugar  precipitates  peroxide  of  manganese 
from  aqueous  permanganate  of  potash,  without  evolution  of  gas,  and 
forms  oxalate  of  potash,  which  is  converted  by  excess  of  perman- 
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ganale  into  carbonate  of  potash  (Licbig'  &  Peloiizc,  Ann.  Pharm. 
19,  279  ;  Gregory  &  Demar^ay).  If  the  Kohition  contahis  only  0-5- — 
1  p.  c.  sugar  it  remains  unchanged  (Monier,  Comjft.  rend.  46,  577). 

If  3  pts.  dry  chloride  of  lime  are  added  to  a  mixture  of  2  pts.  cane- 
sugar  and  1  pt"!  hydrate  of  lime,  and  theii  enough  water  to  form  a  stiff 
mud,  the  mass  becomes  heated  after  some  time,  swells  up,  evolves 
chlorhie,  and  on  addition  of  more  water,  forms  a  bulky  jelly,  which,  in 
addition  to  substances  not  yet  determined,  contains  hme-conipounds  of 
hypochlorous,  carbonic,  chloracetic  and  pectic  (?  Kr.)  acids.  —  When 
twice  as  much  chloride  of  lime  is  used,  the  re-action  is  less  violent  and 
malic  acid  is  produced.  (Schoonbrodt,  Bull.  Soc.  Chim.  Paris,  1861,  77.) 

Schoonbrodt  pives  the  following  equations  :  a,  for  the  formation  of  pectic  (or  parapecticj 
acid,— 2C 'H"Oii  +  3(CaO,C10)  =  C2'*irH)2i,2HO  +  SCaCl  +  5HO;— *,  for  the 
formation  of  malic  acid,  —  Ci-^Hi^O^i  +  3(CaO,C10)  =  SCC-'H-OSHO;  +  2H0  + 
oCaCl. 

6.  Cane-sugar  distilled  with  sulphur  evolves  sulphuretted  hydrogen, 
combustible  gases,  and  allows  a  metacetone-hke  liquid  to  distil. 
(Hlasiwetz,  Wieti.  Ahad.  Per.  5,  184.)  Similar  products  are  obtained 
with  sulphide  of  potassium  or  of  calcium. 

7.  Iodine  is  decolorised  by  ebullition  with  solution  of  cane-sugar  and 
transformed  into  hydriodic  acid.  (Lassaigne,  J.  Chini.  med.  9,  654.) 
—  When  equal  numbers  of  atoms  of  bicarbonate  of  potash  and  of 
iodine  are  added  one  after  another  to  aqueous  cane-sugar,  iodoform  is 
produced  on  warming.  (Millon,  Compt.  rend.  21,  828  ;  J.  pr.  Chem. 
37,  53.)  —  Cane-sugar  is  decomposed  exactly  into  carbonic  acid  and 
water  when  heated  Vv'ith  aqueous  iodic  acid  to  100°  for  24  hours.  The 
presence  of  prussic  acid,  but  not  that  of  yellow  or  red  prussiate  of 
potash,  prevents  this  decomposition.  (Millon,  Compt.  rend.  19,271; 
N.  Ann.  Chim.  Phys.  13,  37.) 

7  a.  Bromine  acts  on  cane-sugar  in  the  same  way  as  chlorine 
(Rouchas,  J.  Pharm.  17,  116);  it  exerts  no  particular  action.  (Balard, 
Ann.  Phys.  32,  346.)  Cane-sugar  heated  with  hromine  and  water  to  100° 
in  a  sealed  tube,  till  all  the  bromine  has  disappeared,  yields  hydrobromic 
acid,  a  brown  liquid  and  humus-like  products.     (Barth  &  Hlasiwetz.) 

8.  Idiy  chlorine  gas  does  not  act  on  cane-sugar,  even  at  100°;  but  in 
damp  chlorine,  sugar  acquires  a  smell  of  hydrochloric  ether  without 
altering  its  form.  (Liebig.)  Powdered  sugar  absorbs  chlorine  slowly, 
and  is  changed,  with  simultaneous  formation  of  carbonic  acid,  into  a 
brown,  strong-smelling  mass,  which  deliquesces  in  the  air  with 
formation  of  h3^drochloric  acid.  (Priestley,  Bouillon,  Vogel.)  —  The 
brow^n  mass  into  which  chlorine  slowly  converts  sugar  in  the  cold, 
more  quickly  at  100°,  is  partially  soluble  in  water.  (Maumene,  Compt. 
rend.  30,  314.)  —  By  the  action  of  chlorine  on  an  aqueous  solution  of 
sugar  for  eight  hours,  y o*h  part,  at  most,  is  decomposed,  with  forma- 
tion of  carbonic  acid  (Liebig,  Pogg.  15,  570).  Aqueous  chlorine  con- 
verts sugar  into  malic  and  hydrochloric  acids  (Chenevix),  into  the  same 
acid  as  that  which  is  likewise  produced  from  gum  (p.  199)  (Simoiiin, 
Ann.  Chim.  Phys.  50,  322).  —  Solution  of  cane-sugar  saturated  with 
chlorine,  and  heated  with  potash  after  24  hours,  is  coloured  yellow  and 
red.  (Rouchas,  J.  Pharm.  17,  116.)  —  With  hypochlorous  acid,  sug3ir 
forms  hydrochloric  acid,  a  small  quantity  of  carbonic  acid,  and  an  acid 
liquid.     (Balard.)  —  Cane-sugar,  mixed  with  its  own  weight  of  chloride 


I 


Cane-sugar.  253 

of  lime,  becomes  heated  and  explodes  after  a  few  minutes  with  vivid 
deflagration.  If  1  oz.  chloride  of  lime  is  mixed  with  8  oz.  water,  and 
1  oz.  sugar  is  added  to  the  filtrate,  the  liquid  becomes  hot,  and,  after  a 
few  minutes,  carbonic  acid  is  evolved,  the  bleaching  power  disappears, 
and  the  acid  liquid  deposits  a  little  oxalate  of  lime.  (Hunoult- 
Desfontenelles,  J.  Chim.  me'd.  18,  23.)  No  chloroform  is  thus  produced. 
(Chautard,  N.  J.  Pharm.  27,  180.)  —  Chloride  of  lime  converts  sugar  in 
an  alkaline  solution  into  pectic  and  lactic  acids.  (Schoonbrodt,  Compt. 
rend.  52,  1071.)  Concentrated  solution  of  cane-sugar  becomes  heated 
when  mixed  with  1  pt.  chloride  of  lime  and  3  pts.  water,  and  yields 
formic  acid  if  the  chloride  of  lime  was  neutral ;  carbonic  acid  and 
water,  if  it  contained  excess  of  hydrate  of  lime.  (Bastick,  N.  J.  Pharm. 
14,  20.)      See  page  252. 

9.  Cane-sugar  does  not  absorb  gaseous /?/onVZe  o/ ?>oro?2  until  it  is 
heated,  and  it  then  becomes  black.  (Berthelot,  N.  Ann.  Chim.  Phi/s. 
38,  58.) 

10.  The  solution  of  cane-sugar  in  wate?'  partially  loses  it  dextro- 
rotatory power  at  the  common  temperature  by  standing ;  at  last,  it 
loses  it  entirely,  and  acquires  a  rotatory  power  towards  the  left,  the 
cane-sugar  being  converted  into  inverse  sugar.  (Maumene.)  Accord- 
ing to  Hochstettcr,  this  change  does  not  occur  if  air  is  excluded,  but 
more  quickly  in  proportion  as  the  air  has  freer  access ;  according  to 
Bechamp,  it  is  only  a  consequence  of  the  formation  of  mould,  and  is 
therefore  prevented  by  the  presence  of  creosote.  Aqueous  solution  of 
sugar  may  be  kept  for  weeks  without  alteration  if  protected  from  the 
air,  but  if  exposed  to  the  air,  it  contains,  after  3  days'  traces  of  inverse 
sugar  which  afterwards  increase.  When  the  air  has  easy  excess,  as 
when  the  sugar- solution  flows  over  broken  glass,  scarcely  anything 
but  non-crystallisable  sugar  remains  after  so  short  a  time  as  36  hours 
(Hochstetter,  J.  pr.  Chem.  29.  21).  An  aqueous  solution  of  sugar- 
candy  containing  16*35  grms.  sugar  in  100  cc.  possesses,  after  stand- 
ing for  10  months  at  the  common  temperature,  only  22  p.  c.  of  its 
original  rotatory  power ;  after  a  year,  it  has  a  lasvo-rotatory  power 
equal  to  38  p.  c.  of  its  original  dextro-rotatory  power.  A  similar  solution 
prepared  with  loaf-sugar  is  somewhat  more  stable,  because  it  contains 
a  small  quantity  of  hme.     (Maumene,  Compt.  rend.  39,  914). 

Cane-sugar  is  converted  by  very  long  boiling  ivith  water  into 
dextro-  and  Isevo- glucose.  (Pelouze  &Malaguti,  1836,  yl/m.  Chim.  Phys. 
59,  416).  According  to  Malaguti,  laevo-glucose  (fruit-sugar)  is  thus 
produced  at  first,  and  afterwards  changed  into  dextro-glucose ;  accord- 
ing to  Bouchardat,  dextro-glucose  is  never  formed,  but,  after  60  hours* 
boiling,  a  non-crystallisable  syrup,  which  can  then,  especially  at  110°, 
pass  into  a  peculiar  bitter-sweet  gum-sugar.  According  to  Dubrunfaut's 
experiments  {Vid.  infr.,  p.  254.  — Decompositions  by  acids.),  the  formation  of 
dextro-  and  Isevo-glucose  unquestionably  occurs  simultaneously,  as  is 
also  admitted  by  Maumene  and  Bechamp.  —  This  transformation  of 
cane-sugar  takes  place  at  90° — 100°  (Thenard),  if  air  is  excluded,  without 
the  formation  of  acid  or  of  colouring  matter  (Soubeiran),  but  the  passage 
of  air  through  the  boiling  solution  of  sugar  causes  rapid  decomposition. 
(Hochstetter.)  Solution  of  sugar  of  25°  B.  boiled  for  1  or  2  hours,  the 
evaporated  water  being  replaced,  contained  traces  of  transformed 
sugar,  perhaps  arising  from  previous  formation  of  formic  acid.  The 
transformation  once  begun  proceeds  rapidly,  an   acid  being  formed 
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which  does  not  redden  litmus,  thoug'h  it  neutrahses  alkalis.  CHoch- 
stetter,  J.][)r.  Cliem.  29,  21.)  —  Solution  of  sugar-candy  lost  from  Z\  to 
4  p.  c.  of  its  rotatory  power  when  heated  for  3  hours  in  the  w^ater-bath. 
(Maumene,  Compt.  rend.  39,  914).  If  solution  of  sugar  is  boiled,  the 
water  which  evaporates  being  replaced,  its  dextro-rotatory  power 
becomes  weaker  and  w^eaker,  and  is  at  last  quite  lost.  At  this  point, 
and  until  the  subsequent  Isevo-rotatory  power  has  not  arrived  at  its 
maximum,  the  liquid  still  contains  unaltered  cane-sugar,  for  addition  of 
acids  still  increases  the  leevo-rotation.  When  the  transformation  is 
complete,  for  which  114  hours'  boiling  is  necessary,  longer  boiling 
causes  the  formation  of  formic  and  acetic  acids  and  (even  in  a  stream 
of  carbonic  acid)  a  dark  coloration  ;  at  last  the  liquid  becomes  opaque, 
and  the  Igevo-rotation  diminishes  again,  from  the  partial  destruction  of 
the  Isevo-glucose,  so  that  it  has  finally  a  feeble  dextro-rotatory  power. 
The  Igevo-rotatory  liquid  deposits  crystals  of  dextro-glucose  when 
allowed  to  stand,  while  a  syrup  of  stronger  laevo-rotatory  power 
remains.    (Soubeiran,  N.  J.  Pharm.  1,  1 ;  and  96,  16  and  262.) 

11.  When  left  to  itself,  or  when  warmed  with  dilute  acids^  solution 
of  cane-sugar  loses  its  dextro-rotatory  power  and  acquires  a  Itievo- 
rotatory  power,  which,  when  the  transformation  {Inversion)  is  complete, 
amounts  to  38°  to  the  left  at  14°  for  every  100°  of  the  original  rota- 
tion to  the  right  (Biot).  This  alteration  depends  on  the  assimilation 
by  the  cane-sugar  of  5  p.  c.  water,  whereby  it  sphts  up  into  Isevo- 
and  dextro-glucose  :  C^^H^^O^s  +  2H0  =  Q'^W^O^^ -{■Q^'^W^O^''  (Dubrun- 
faut).     (Water  taken  up :  calculated,  5*26  p.  c). 

There  is  produced  in  the  transformation  of  cane-sugar  by  dilute 
acids,  grape-sugar  (Kirchhoff,  Scher.  iV.  Bl.  1, 142),  granular  sugar  (Gui- 
bourt,  Ann.  Chim.  Phys.  16,  376  ;  BouUay,  J.  Pharm.  16, 172),  gum-sugar 
(Bouillon-Lagrange).  A  sugar  differing  from  dextro-glucose  is  pro- 
duced which  rotates  the  plane  of  polarisation  to  the  left  (Biot),  and 
afterwards,  in  consequence  of  a  molecular  change,  deposits  dextro- 
glucose  (Biot,  Soubeiran).  Cane-sugar  heated  with  acids  forms 
first  Isevo-glucose,  then,  if  the  heat  is  continued,  dextro-glucose 
(Bouchardat) ;  but  since  boiUng  with  acids  does  not  alter  the  rotatory 
power  of  inverse  sugar  until  coloration  takes  place,  the  crystals  of 
dextro-glucose  which  are  deposited  after  some  months,  may  be  pro- 
duced, not  by  the  action  of  the  acid,  but  by  the  molecular  transforma- 
tion which  takes  place  in  the  course  of  time  (Soubeiran).  Subsequently, 
also,  Soubeiran  regarded  inverse  sugar  as  a  particular  variety,  but 
capable  of  being  decomposed  into   dextro-  and  Isevo-glucose. 

All  acids  effect  the  complete  conversion  of  cane-sugar,  but  strong 
acids  more  quickly  than  the  same  quantity  of  weaker  acids,  and  the 
same  acid  acts  more  rapidly  the  higher  the  temperature.  The  change 
is  complete  with  -^-^  —  -^-^  measure  hydrochloric  acid  at  the  temperature 
of  the  air  in  a  few  hours,  the  rotatory  power  then  possessed  by  the 
liquid  remaining  constant  for  two  days,  or  until  coloration  sets  in.  With 
sulphuric  acid  the  transformation  takes  place  slowly  at  the  common 
temperature,  but  at  60°  or  70°  instantaneously  and  without  coloration 
of  the  liquid.  A  solution  of  cane-sugar  containing  Q,Q  p.  c.  racemic 
acid,  is  only  partially  changed  after  sixteen  daj^s,  completely  after  a 
year ;  \  measure  glacial  acetic  acid  does  not  occasion  the  transforma- 
tion within  two  months,  but  completely  within  a  year  (Biot,  Compt. 
rend.  15,  628;   JSF.  ./.  Pharm.  4,  351).     Small  quantities  of  organic 
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acids  do  not  sensibly  increase  the  decomposing  action  of  water  at 
common  temperatures  (p.  253).  A  30  p.  c.  solution  of  cane-sugar 
mixed  with  -^-^  of  its  weight  of  tartaric  acid  was  not  completely  con- 
verted into  inverse  sugar  after  5  j^ears.  (Maumene,  Compt.  rend.  39, 
917).  The  cane-sugar  of  lemon-juice  (containing  6^  p.  c.  acid)  is  only 
very  slightly  changed  after  12  days,  not  more  so  than  when  the  free 
acid  is  neutralised.  The  acid  juice  of  the  apricot  may  likewise  be 
concentrated  on  the  water-bath  to  half  its  bulk  without  the  inversion 
of  much  of  its  cane-sugar  (Buignet).  If  solutions  of  cane-sugar  are 
heated  with  solutions  of  equivalent  quantities  of  different  acids,  sul- 
phuric acid  causes  its  inversion  more  quickly  than  tartaric  acid,  and 
tartaric  acid  more  quickly  than  citric  or  than  acetic  acid.  A  larger 
quantity  of  the  same  acid  is  required  if  the  sugar-solution  is  dilute 
than  if  it  is  concentrated  (Buignet).  See  also  Persoz  {Compt.  rend. 
17,  1066),  Biot,  N.  J.  Pharm.  4,  351),  Bouchardat  {J.  Pharm.  21,  627; 
J.  pr.  Chem.  7,  73 ;  Ann.  Pharm.  17,  276),  Dobereiner  {Ann.  Pharm. 

2,  338) ;  Mitscherhch  {N.  Ann.  Chim.  Phijs.  7,  28),  Pluquet  {Bull  Pharm. 

3,  380). 

When  the  transformation  of  cane-sugar  by  dilute  acids  has  taken 
place,  further  boiling  causes  coloration  of  the  liquid,  formation  of  ulmin 
and  ulmic  acid,  and,  if  air  has  access,  also  of  formic  acid,  wliile  the 
remainder  of  the  sugar  is  contained  in  the  solution  in  a  more  easily 
fermentable  condition  (Malaguti).  According  to  Mulder,  glucic  acid 
is  first  formed,  from  this  apoglucic  acid,  by  contact  with  air,  and  ulmin 
and  ulmic  acid,  mixed,  if  air  has  access,  with  humin  and  humic  acid, 
are  obtained.  The  acid  which  is  added  remains  thereby  unaltered  and 
can  be  regained  in  the  quantity  that  w^as  used  (Malaguti). 

The  decomposition  takes  place  with  all  acids,  but  various  quantities 
are  required  to  bring  it  about  in  the  same  length  of  time.  The  solu- 
tion of  100  pts.  sugar  in  300  pts.  water  begins  to  deposit  a  precipitate 
after  35  hours'  boihng,  if  mixed  with  0-372  pt.  anhydrous  sulphuric 
acid;  after  14  hours  with  2*4  pts;  after  9  hours  with  6  pts;  after 
2  hours  with  14*7  pts.  Nitric  and  hydrochloric  acids  act  in  the 
same  way ;  for  ever}'  1  pt.  of  these  acids,  10  pts.  oxalic,  racemic,  tar- 
taric, citric,  or  saccharic  acid — and  16  pts.  phosphoric,  arsenic,  phos- 
phorous, or  arsenious  acid, — are  required.  (Malaguti,  Arm.  Chim.  Phys. 
59,  407;  J.  Pharm.  21,  443;  Ann  Pharm..  17,  52;  J.pr.  Chem.  7,  185.) 

On  heating  50  pts.  water,  1  to  5  pts.  oil  of  vitriol,  and  10  to  29  pts. 
cane-sugar  for  a  few  minutes  in  a  water-bath,  a  deposit  of  ulmic  acid 
is  formed  (Bouchardat).  Transformed  cane-sugar,  heated  with  -^-^  pt. 
oil  of  vitriol,  yields,  after  a  few  minutes'  boiling,  a  brown  liquid,  which 
leaves  bitter-sweet  molasses  by  evaporation,  cannot  be  decolorised  by 
animal  charcoal,  and  is  uncrystalhsable  (Bouchardat).  Solution  of 
cane-sugar  does  not  lose  the  rotatory  power  peculiar  to  inverse  sugar 
until  boiled  for  15  or  20  hours  with  dilute  sulphuric  acid,  and  then 
deposits  much  less  ulmin  in  the  first  few  days  than  later.  If  it  be  boiled 
with  a  small  quantity  of  acid  until  a  deposit  forms,  and  this  be  filtered 
off,  a  large  quantity  of  ulmic  acid  separates  in  the  cold  after  a  long 
time,  but  no  ulmin ;  the  latter  body  must  therefore  be  formed  from 
the  ulmic  acid  by  boiling.     By  84  hours'  boiling  of  40  grms.  sugar- 

K candy  with  120  grms.  water  and  2  grms.  anhydrous  sulphuric  acid, 
13  grms.  ulmin  and  ulmic  acid,  and,  in  contact  with  air,  4*47  grms. 
formic  acid  can  be  obtained,  while  all  the  rest  of  the  sugar  remains 
in  solution  in  a  more  easily  fermentable  condition   (Malaguti).     If 
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solution  of  cano-siigar  is  heated  with  dihite  sulphuric  acid,  but  not  to 
boiling",  ulmiii  and  uhnic  acids  are  obtained,  mixed,  if  the  solution  is 
boiled,  with  humin  and  humic  acid.  These  humous  substances  are  formed 
more  quickly  if  air  has  free  access ;  concentration  of  the  acid  promotes 
their  formation  less  than  long*  boihng ;  but  on  an  average,  not  more 
than  -J-  of  the  sug"ar  can  be  converted  into  them,  the  rest  remaining  in 
solution  as  glucic  acid  (xiii.  237),  and  if  air  has  access,  also  as  apoglucic 
acid  (xiii.  365).  If  the  action  of  the  acid  is  not  complete,  uncrystal- 
lisable  sugar  remains  behind,  and  is  converted  by  dilute,  not  by  concen- 
trated acid,  into  humin.  The  humous  substances  are  not  produced  at 
the  boiling  point  in  vacuo :  if  very  concentrated  acid  is  used,  a  black 
substance  is  obtained  having  the  composition  of  humin,  but  differing 
from  it.  By  the  use  of  more  dilute  acid,  nothing  but  glucic  acid  is 
obtained.  At  the  higher  temperature  at  which  the  mixture  boils  in 
air  free  from  oxygen,  formic  and  uhnic  acids  are  produced,  but  neither 
humin  nor  humic  acid  (Mulder,  J.  ^?r.  Chem.  21,  207). 

If  cane-sugar  is  heated,  not  to  boiling,  with  hydrochloric  acid,  the 
red-brown  liquid  deposits  a  few  brown  flocks.  If  it  is  heated  to  boil- 
ing after  these  have  been  filtered  off,  a  more  abundant  black  pre- 
cipitate is  obtained,  which  is  slightly  soluble  in  boiling  water,  more  so 
in  water  containing  hydrochloric  acid,  partially  soluble  in  aqueous 
potash  and  ammonia.  The  brown  flocks  contain  (^2*54  p.  c.  C.  and 
4*75  H. ;  the  black  precipitate  at  140°,  on  an  average,  04*12  p.  c.  C. 
and  4*71  H.,  corresponding  to  the  formula  C'*H^O^  (calculation  64*0 
p.  c.  C,  4*0  H.).  The  latter  body  is  also  obtained  by  boiling  sugar 
with  concentrated  hydrochloric  acid  (Stein,  Ann.  Pharni.  30,  84). 

12.  By  neutral  salts.  Aqueous  solutions  of  cane-sugar  mixed  with 
sulphate  of  zinc,  nitrate  of  lead,  mono-phosphate  or  arseniate  of  potash, 
or  with  a  large  quantity  of  corrosive  sublimate,  lose  their  dextro-rotatory 
power  partially  or  entirely  by  standing  at  the  temperature  of  the  air, 
and  occasionally  acquire  a  rotation  towards  the  left,  without  the 
formation  of  mould  taking  place.  Corrosive  sublimate  causes  this 
transformation  even  in  presence  of  creosote.  On  the  other  hand  a  solu- 
tion of  cane-sugar  containing  \  of  its  weight  of  fused  chloride  of  zinc 
(or  of  chloride  of  calcium)  hardly  decreases  in  rotatory  power  by  stand- 
ing for  9  months,  or  when  heated  for  an  hour  to  50°.  The  presence  of 
a  small  quantity  of  corrosive  sublimate,  nitrate  of  zinc,  neutral  or  acid 
sulphate  of  potash,  prevents  the  formation  of  mould  in  solutions  of 
cane-sugar,  and  consequently  also  the  decomposition.  Most  other 
salts,  and  likewise  nitric  and  arsenic  acids,  do  not  prevent  the  formation 
of  mould,  and  in  many  cases  the  decomposition  of  solution  of  cane- 
sugar  goes  on  more  rapidly  in  their  presence  than  without  them.  If 
solutions  of  cane-sugar  are  mixed  with  neutral  and  acid  sulphate  of 
soda  and  one  drop  of  creosote,  no  formation  of  mould  or  decomposition 
takes  place  by  standing,  but  creosote  has  not  power  to  arrest  the 
formation  of  mould  when  it  has  once  begun.  In  the  case  of  some 
salts,  a  summer  temperature  seems  to  be  required  for  the  decomposition ; 
nitrogenous  mould  and  organic  acids  result  from  the  decomposition 
itself,  but  the  latter  are  not  formed  in  such  quantity  that  the 
diminished  rotatory  power  of  the  solution  can  be  explained  by  the 
diminution  of  the  quantity  of  sugar.  (Bechamp,  N.  Ann.  Chim.  Phys. 
54,  28.) 

Sugar-solutions  which  contain  alkaline  carbonates,  sulphates,  or 
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chlorides,  behave  Hke  pure  sohitions  of  sugar,  when  long*  kept  or 
boiled,  but  the  crystallisation  of  the  sugar  is  impeded.  A  solution 
containing  2  pts.  chloride  of  sodium  or  chloride  or  calcium  to  100  pts. 
cane-sugar  cannot  be  made  to  crystallise  except  when  the  salts  have 
been  removed  by  animal  charcoal.  Alkaline  nitrates  and  sulphates 
partly  crystallise  out  from  the  solution  of  sugar  when  they  are  present 
in  large  quantities,  but  part  forms  a  slimy  mass  with  the  sugar 
(Hochstetter,  J.  pr.  Chem.  29,  26). 

Dry  cane-sugar  is  not  altered  by  being  heated  in  a  sealed  tube  to 
100°  for  several  hours  with  chloride  of  sodium,  chloride  of  strontium,  or 
chloride  of  barium ;  but  addition  of  a  small  quantity  of  water  occasions 
the  formation  of  inverse  sugar  more  abundantly  than  it  would  be 
formed  in  presence  of  water  alone.  The  same  transformation  takes 
place  quickly,  the  mass  being  blackened,  with  sal-ammoniac  and  a  small 
quantity  of  water,  but  not  with  chloride  of  potassium,  chloride  of 
sodium,  or  flour-spar.     (Berthelot,  N.  Ann  Chim.  Phys.  38,  57.) 

13.  Cane-sugar  distilled  with  phosphoric  acid  (likewise  with 
sulphuric  acid  or  protochloride  of  tin)  yields  formic  acid  and  a  volatile 
oil  (furfurol?)  (Emmet  J.  pr.  Chem.  12,  120). — Anhydrous  phosphoric 
acid  does  not  attack  cane-sugar  until  heat  is  applied  ;  it  then  blackens 
it,  with  evolution  of  formic  acid  and  formation  of  humus-like  bodies. 
(Handtke,  Pharm.  Zeitschr.  1850,  37 ;  Lieh.  Kopp.  Jahresber.  1850, 
634.) 

14.  Cane-sugar  covered  with  cold  oil  of  vitriol  becomes  brown 
without  evolving  sulphurous  acid ;  the  mixture  is  completely  soluble 
in  water  without  separation  of  carbon,  and,  after  neutralisation  of 
the  sulphuric  acid  with  chalk,  filtration,  and  evaporation  to  dryness, 
yields  a  dark  brown  residue  containing  sulphur.  (Braconnot,  Ann. 
Chim.  Phi/s.  12, 189.)  Oil  of  vitriol  produces  with  cane-sugar  the  same 
black  acid  as  that  formed  from  racemic  acid  by  alkalis  and  also  saccharo- 
sulphuric  acid,  or  a  similar  compound.  (Pehgot.)  If  the  process  is 
arrested  at  the  right  moment,  humous  substance  is  also  formed.  (Boul- 
lay.)  The  filtrate  obtained  by  mixing  cane-sugar  with  oil  of  vitriol, 
dilution,  and  neutralisation  with  baryta,  contains  acetate  and  formiate 
of  baryta.  (Herzog,  N.  Pr.  Arch.  50,  299.)  If  a  porcelain  plate  is 
moistened  with  a  solution  of  sugar  in  30  pts.  water,  and  heated  by 
steam  to  100°  ;  very  dilute  sulphuric  acid  dropped  upon  it  causes  a 
black  mark,  or,  if  the  acid  is  very  dilute  indeed,  a  green  mark. 
(Runge,  Pogg.  31,  517.)  Runge  employs  this  re-action  for  the  -detection  of  free 
sulphuric  acid  and  of  sugar. 

When  cane-sugar  is  heated  with  oil  of  vitriol,  sulphurous  acid  is 
produced.  10  grms.  cane-sugar  warmed  with  40  grms.  oil  of  vitriol 
froths  up,  blackens  and  yields  1  litre  of  gas,  containing  carbonic  acid 
and  carbonic  oxide  in  equal  volumes,  and  a  solid  residue.  (Filhol, 
N.  J.  Pharm.  8,  100  ;  J.  pr.  Chem.  36,  60.) 

15.  Concentrated  hydrochloric  acid  acts  violently  on  cane-sugar 
and  chars  it.  (Boullay,  /.  Pharm.  16,  172.)  Powdered  sugar  slowly 
absorbs  hydrochloric  acid  gas,  and  is  converted  into  a  brown  strongly 
smelling  compound  from  which  oil  of  vitriol  evolves  hydrochloric  acid 
gas.     (Bouillon- Lagrange.) 

16.  Cane-sugar  mixed  with  chlorate  of  potash  explodes  when  struck 
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with  a  hammer,  and  deflagrates  when  a  drop  of  oil  of  vitriol  is  let  fall 
npon  it.  (Bouillon- Lag-rang-e  &  Vogel.)  —  A  mixture  of  1  pt.  cane- 
sugar,  1  pt.  prussiate  of  potash,  and  2  pts.  chlorate  of  potash 
(Augendre,  Pharm.  Centr.  1850,  215),  or  better  of  23  pts.  cane-sugar, 
28  pts.  prussiate  of  potash,  and  49  pts.  chlorate  of  potash,  constitutes 
white  gunpowder,  which  explodes  by  a  spark,  and  may  be  used  instead 
of  common  gunpowder  for  fire  arms  and  blasting.  (Pohl,  Wien,  Ahad. 
Ber.  41,  634;   Chem.  Centr.  1861,  289.) 

17.  Fuming  nitric  acid  converts  cane-sugar  into  nitro-saccharoso. 
(Sobrero,  Compt.rend.  24,  247.)  From  its  solution  in  fuming  nitric  acid 
it  is  precipitated  as  a  nitro-compound  by  oil  of  vitriol,  but  not  by 
water.  (Domonte  &  Menard,  Compt.  rend.  24,  390.)  Hence  also  Braconnot 
obtained  no  xyloidin.  —  Immersed  in  nitro-sidphuric  acid,  it  is  converted 
into  nitro-saccharose,  which  soon  separates  as  a  tough  mass,  while 
the  acid  solution,  which  is  not  precipitable  by  water,  retains  a  bitter 
taste.  (Schonbein,  Pogg.  70,  104.)  On  adding  to  nitric  acid  (pre- 
pared from  3  vol.  oil  of  vitriol  and  2  vol.  nitric  acid  of  sp.  gr.  1*5, 
i  of  its  weight  or  more  of  powdered  sugar,  without  cooling,  andj 
leaving  the  mixture  to  itself,  it  took  fire.  (Reinsch,  Jahrh.  pr.  Pharm* 
18,  102.) 

Cane-sugar  heated  with  nitric  acid  of  sp.  gr.  1*3,  or  with  still  more 
dilute  acid,  is  decomposed,  with  evolution  of  nitrogen,  nitric  oxide, 
nitrous  acid,  prussic  acid,  carbonic  and  acetic  acids,  and  formation  of 
saccharic  and  oxalic  acids.  According  to  Erdmann's  experiments,  tar- 
taric acid  is  also  formed,  and  according  to  Siewert,  also  cassonic  acid 
(see  p.  259).  — When  8  pts.  nitric  acid  are  poured  upon  1  pt.  cane-sugar 
at  3f  °,  the  liquid  around  the  sugar  becomes  red  in  a  few  minutes,  at 
15°  it  becomes  pale  yellow,  and  at  44°  the  sugar  deliquesces  to  a 
yellow  layer  under  the  clear  colourless  acid.  At  56°  the  liquid 
becomes  yellow  and  evolves  nitrous  acid ;  it  darkens  as  the  heat  is 
increased,  until,  at  87*5°,  it  is  opaque,  and  then,  with  evolution  of 
nitrous  acid,  again  becomes  colourless.  The  temperature  of  a  mix- 
ture heated  to  this  point  rises  spontaneously  to  112*5°.  (Schlesinger, 
Eepert.  74,  24.) 

By  the  action  of  3  pts.  nitric  acid  of  sp.  gr.  1*25  to  1*3,  at  a 
temperature  not  exceeding  50°,  scarcely  a  trace  of  oxalic  acid,  but  a 
large  quantity  of  saccharic  acid  is  produced.  Cane-sugar  heated  with 
3^  pts.  nitric  acid,  until  gas  begins  to  be  given  off,  then  cooled  to  60° 
and  kept  at  this  temperature,  yields  nearly  11  p.  c.  of  its  weight  of 
neutral  saccharate  of  potash.  (Heintz,  Ann.  Pharm.  51,  185.  —  Berl. 
Akad.  Ber.  1858,  413  ;  J.  J^r.  Chem.  74,  474.)  Formerly  (^nw.  Pharm.2\,  1.) 
Erdmann  stated  that  he  had  obtained  tartaric  acid,  but  afterwards  (/.  jwr.  Chem.  15,  480) 
withdrew  the  statement.  Since,  however,  Liebig  {Ann.  Pharm.  113,  1),  has  obtained 
tartaric  acid  from  mannite,  and  Heintz  {Berl.  Akad.  Ber.  1860,  283)  has  obtained  it 
from  saccharic  acid,  the  statement  appears  nevertheless  to  be  correct.  See  also  milk- 
sugar  p.  220,  and  saccharic  acid,  xi.  516 Oxalic  acid  is  formed  especially 

when  sugar  is  heated  for  a  long  time  with  excess  of  nitric  acid.  If 
cane-sugar  is  boiled  with  increasing  quantities  of  nitric  acid  of  sp.  gr. 
1'38  and  each  portion  is  evaporated  to  the  same  bulk,  a  colourless 
syrup,  which  becomes  coloured  on  heating,  is  obtained  with  2  pts  nitric 
acid ;  the  same  mixed  with  crystals  of  oxahc  acid  is  obtained  with 
4  pts.  acid;  with  10  or  12  pts.  acid,  nothing  but  crystals  of  oxalic  acid, 
amounting  to  58  or  60  p.  c.  of  the  sugar,  and  without  any  sticky 
mother-ley,  are  obtained.     (Schlesinger,  Repert.  74,  27.)  —  The  dark 
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mother-ley,  which  remains  after  separating  the  oxalic  and  saccharic 
acids  formed  by  treating*  cane-sugar  with  commercial  nitric  acid,  con- 
tains cassomc  acid,  which  may  be  precipitated  by  sugar  of  lead.  This 
compound,  when  separated  from  its  lead-salt,  forms  an  uncrystallisable, 
reddish  syrup,  whose  aqueous  solution  produces  a  metallic  mirror  with 
ammoniacal  nitrate  of  silver,  is  precipitated  by  excess  of  baryta-water, 
and  when  mixed  with  ammonia  and  chloride  of  barium  throws  down 
white  flocks  of  cassonate  of  baryta,  containing  C^°IPBa^O^*.  (Siewert 
Zeitschr.  f.  d.  ges.  Naturw.  14,  337  ;  abstr.  Kopp's  Jahresher.  1859,  548.) 

18.  In  contact  with  moist  or  aqueous  arsenic  acid,  cane-sugar  deh- 
quesces  in  a  few  hours,  even  in  the  dark  and  when  air  is  excluded,  to  a 
syrup  which  is  red  at  first,  but  after  14  days  becomes  red-brown,  and  at 
last  black-brown  and  evolves  a  smell  of  acetic  acid.  Part  of  the  arsenic 
acid  is  thus  converted  into  arsenious  acid  and  part  of  the  sugar  into 
glucose.  (Eisner,  Scliw.  50,  348.— 61,  230.)  The  reduction  of  the 
arsenic  acid  is  not  essential ;  on  the  one  hand,  humus  seems  to  be  pro- 
duced by  the  elimination  of  water,  and,  on  the  other  hand,  glucose  by 
its  fixation.  (Schweigger-Seidel,  Schw,  61,  356.)  The  red  colour  is 
due  to  the  formation  of  humus.  (Malaguti.)  A  dry  mixture  of  sugar 
and  arsenic  acid  dehquesces  in  dry  air  over  hydrate  of  lime  to  a  red 
mass,  which  becomes  black  after  a  few  days.  (Rouchas,  J.  Pharm. 
17,  116.)  The  red  solution  gives  a  rust-coloured  precipitate  with 
lime-water.  (Baumann,  N.  Br.  Arch.  37,  47.)  A  solution  containing 
-J^  pt.  cane-sugar  heated  in  steam  for  a  few  seconds  with  a  1  p.  c. 
solution  of  arsenic  acid,  becomes  red  at  the  margin,  and  on  evapora- 
tion leaves  a  bright  red  spot.  (Eisner,  Pogg.  47,  481.)  Arsenic  acid 
added  to  solution  of  cane-sugar  does  not  prevent  the  formation  of 
mould  and  the  consequent  decomposition  of  the  sugar  on  standing ; 
arsenic  acid  and  creosote  together  only  prevent  the  decomposition 
from  beginning,  they  do  not  arrest  it  when  once  begun.  (Bechamp.) 
See  also  p.  256. 

19.  Cane-sugar  heated  for  some  time  with  aqueous  osmic  acid 
evolves  carbonic  acid,  and  forms  oxalic  acid  and  a  peculiar  acid 
whose  ammonia-salt  is  soluble  in  alcohol.  (Buttlerow,  J.  pr.  Chem. 
56,  274.)  —  Cane-sugar  reduces  vanadic  acid  to  vanadic  oxide.  (Ber- 
zelius.) 

20.  A  mixture  of  cane-sugar  and  oxalic  acid  moistened  with  water, 
deliquesces  in  the  water-bath,  to  a  colourless  syrup,  which  afterwards 
becomes  brown  and  lastly  black-brown,  and  yields  to  water  fruit-sugar 
and  glucose,  while  a  black  residue  remains,  containing  61*87  p.  c.  carb., 
4*48  hydr.,  and  33*65  oxyg.,  answering  to  the  formula  C**ff°0^°  (cal- 
culation :  61*54  p.  c.  carb.,  4*27  hydr.)  and  resembling  Mulder's  humin 
[more  closely,  Maumenes  caramelin  (p.  262)  (Knop,  Chem.  Centr.  1856, 
847)].  A  Httle  carbonic  acid  escapes  at  the  same  time,  and  formic 
acid,  produced  by  the  decomposition  of  oxalic  acid,  not  of  the  sugar, 
passes  over  with  the  aqueous  vapour  (together  with  oxalic  acid). 
(Van  Kerckhoff,  J.  pr.  Chem.  69,  48  )  See  also  Dobereiner  {Ann.  Pharm. 
2,  338). 

21.  Cane-sugar  heated  to  100°  or  120°  with  acetic,  lutyric,  benzoic, 
or  stearic  acid,  yields,  with  ehmination  of  water,  products  resembling 
those  obtained  from  glucose  under  the  same  circumstances.     Tartaric 
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acid  heated  with  1  at.  cane-sug-ar  gives  Berthelot's  ackle  glucoso-ditar- 
triqae.  (Berthelot,  N.  Ann.  Chwi.  Phys.  54,  78.  —  60,  93  ;  Chim.  organ. 
2,  257,  271  and  295.)  A  mixture  of  cane-sugar  and  succinic  acid  in 
atomic  proportions  melts  to  a  dark  brown  syrup  at  120°  —  130°,  and 
yields  a  compound  of  succinic  acid  with  glucose,  water  being  set  free, 
(van  Bemmelen,  Kopp's  Jahresher.  1858,  436.)  We  ought  perhaps,  with 
Berthelot  {Chim.  organ.  2,  295),  to  regard  these  compounds  as  mixtures  containing 
succinic  acid  combined,  partly  with  Isevo-glucose  sugar,  and  partly  with  dextro-glucose. 
[Kr.] 

22.  When  ammonia  gas  is  passed  over  cane-sugar  which  is  heated 
above  150°,  but  not  so  strongly  as  to  decompose  it,  water  and 
carbonate  of  ammonia  escape,  while  Hquid  and  insoluble  substances 
remain  in  the  residue,  containing  10  p.  c.  of  nitrogen  not  removable 
by  aqueous  alkalis.  These  bodies  are  not  formed  at  130°.  (P.  The- 
nard.)  Cane-sugar  behaves  like  starch  (p.  87)  when  heated  with 
aqueous  ammonia.  (Schiitzenberger,  Zeitschr.  Ch.  Pharm.  4,  65.) 
See  also  Schoonbrodt  {Compt.  rend.  52,  1071)  who  states  that  he  obtained  from  sugar, 
by  the  action  of  ammonia  with  the  aid  of  phosphoric  acid,  a  product  containing 
C24N3HJ809. 

By  heating  equal  parts  of  cane-sugar  syrup  and  aqueous  ammonia  in 
sealed  tubes  to  180°  for  38  or  40  hours,  a  soluble  and  an  insoluble  black 
substance  are  obtained.  The  latter  can  be  further  decomposed,  so  that 
altogether  four  black  or  brown  bodies  are  formed.  Among  tliem  is  a 
■  product  soluble  in  alcohol,  insoluble  in  water,  containing  65*66  p.  c. 
carb.,  6*05  hydr.  19*36  nitr.,  and  8*93  oxyg.,  according  to  Thenard, 
(^4s^Gjj26Q5^  Another  product,  which  is  insoluble  in  water  and  in 
alcohol,  but  soluble  in  acids,  contains  54-26  p.  c.  carb.,  8*34  hydr., 
18*78  nitr.,  and  21*62  oxyg. ;  Thenard  assigns  to  it  the  formula 
C"N«IP20^^  (P.  Thenard.  Bull.  Soc.  Chim.  Paris,  1861,  18  and  33  ; 
abstr.  Compt.  rend.  52,  444 ;  Rep.  Chim.  pure,  3,  207.) 

23.  Cane-sugar  heated  with  potassium  or  sodium  is  decomposed 
with  faint  evolution  of  light,  into  charcoal  and  alkah.  (Gay-Lussac  & 
Thenard.) 

A  mixture  of  cane-sugar  with  4  or  5  pts.  potash-hydrate  and  a  small 
quantity  of  water,  becomes  at  first  brown  when  heated,  but  is  after- 
wards decolorised,  evolves  hydrogen,  and  then  contains  a  large 
quantity  of  oxalate  of  potash.  (Gay-Lussac,  Ann.  Chim.  Phys.  41,  398; 
Pogg.  17,  171  ;  Scliw.  58,  87.)  100  pts.  cane-sugar  yield  32*1  pts. 
oxalate  of  lead.  (Buchner  &  Herberg-er,  Repert.  38,  189.)  —  If  cane- 
sugar  is  added  to  hot  concentrated  potash-ley  (such  as  would  sohdify 
on  cooling)  to  the  extent  of  ^  the  weight  of  the  potash-hydrate,  the 
mass  becomes  brown,  evolves  hydrogen,  gives  off  an  aromatic  smell  of 
caramel,  becomes  thick  after  a  few  minutes,  froths  up  until  the  brown 
colour  has  disappeared,  and  solidifies.  The  mass  yields,  on  distillation 
with  dilute  sulphuric  acid,  carbonic  acid,  formic,  acetic,  and  metacetic 
acids,  and  deposits  binoxalate  of  potash.  The  sugar  is  in  this  case 
decomposed  into  carbonic  acid,  acetone  and  metacetone,  the  last  of 
which  yields  propionic  acid,  while  the  acetone  yields  formic  and 
acetic  acids.  Both  are  at  last  partially  converted  into  oxalic  acid. 
(Gottlieb,  Ann.  Pharm.  52,  122.) 

Cane-sugar  does  not  become  sensibly  brown  when  boiled  with 
potash-ley.  (BouUay,  J.  Pharm.  16,  172.  —  Chevalier,  J.  Chim.  med. 
18,  471.)  Solution  of  sugar  heated  with  potash-ley  to  88°  and  then 
neutralised  with  acid  does  not  regain  the  whole  of  its  rotatory  power, 
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which  is  still  further  diminished  when  it  is  boiled  or  evaporated  down. 
(MichaeKs,  J.  pr.  Chem.  56,  423.) — When  cane-sugar  is  boiled  for  a 
long-  time  with  a  small  quantity  of  potash,  out  of  contact  with  air,  the 
potash  becomes  saturated  with  ulmic  acid ;  if  air  has  access,  formic 
acid  is  also  produced.  (Malaguti,  Ann.  Cliim.  Phys.  59,  420.)  —  Car- 
bonate of  potash  does  not  diminish  the  rotatory  power  of  sugar  when 
heated  to  88°,  but  when  boiled  it  does  so  to  a  less  extent  than  caustic 
potash.  (Michaelis.)  By  boiling  solution  of  cane-sugar  for  72  hours 
with  -g'o-  pt.  crystallised  carbonate  of  soda,  an  acid  black  liquid  is 
formed  possessing  lasvo-rotatory  power.     (Soubeiran.) 

When  a  mixture  of  cane-sugar  and  inverse  sugar  is  boiled  for  a 
few  moments  with  caustic  potash,  the  mass  becomes  coloured  brown 
and  black.  After  saturation  with  carbonic  acid,  basic  acetate  of  lead 
precipitates  from  it  nearly  all  the  colouring  matter,  but  no  crystals 
can  be  obtained  from  the  slightly-coloured  solution  which  contains  the 
whole  of  the  cane-sugar,  no  doubt  because  the  products  of  decom- 
position of  the  inverse-sugar  prevent  the  crystalHsation  (Buignet). 

24.  Solutions  of  cane-sugar  mixed  with  hydrate  of  lime  exhibit 
greater  stability  when  boiled  or  long  kept  than  pure  aqueous  sugar- 
solutions  (Bouchardat,  Soubeiran,  and  others.  Comp.  p.  253).  Hence 
the  following  observations  are  perhaps  to  be  explained  by  the  impurity 
of  the  sugar  employed.  When  the  compound  of  lime  with  cane-sugar 
is  dissolved  in  a  small  quantity  of  water  and  exposed  to  the  air,  the 
lime  separates  out  as  carbonate,  and  the  liquid  changes  to  a  white, 
tasteless  paste,  soluble  in  boiling  water.  This  solution  does  not 
coloiu'  iodine,  gives  a  shght  turbidity  with  oxalic  acid,  and  is  pre- 
cipitated by  acetate  of  lead,  bichloride  of  tin,  and  alcohol.  It  leaves 
on  evaporation  a  solid  brown  mass  which  retains  its  solubility  in 
water  (Daniell,  Ann.  Chim.  Phys.  10,  221).  Braconnot  found  in  aqueous 
sucrate  of  Kme  which  had  been  kept  for  four  years,  a  deposit  of  oxalate 
and  malate  of  lime,  and  in  the  solution  acetate  of  lime  and  cane-sugar, 
but  no  gum  {Ann.  Chim.  Phys.  68,  337).  —  If  a  solution  of  cane-sugar 
supersaturated  with  lime  is  allowed  to  stand  for  a  year  in  an  air-tight 
bottle,  the  excess  of  lime  contains  neither  oxalic  nor  malic  acid.  After 
removing  the  dissolved  hme,  evaporating  and  redissolving  in  alcohol, 
cane-sugar  crystallises  out,  while  melassic  acid,  saccharic  acid,  and 
uncrystallisable  sugar  remain  in  the  mother-hquor  (Brendecke,  N.  Br. 
Arch.  29,  75 ;  see  also  Berthelot  p.  251). 

When  an  intimate  mixture  of  1  pt.  cane-sugar  and  8  pts.  quick-lime 
is  heated,  a  violent  re-action  takes  place,  as  the  sugar  gives  up  water 
to  the  lime,  continuing  even  after  the  mixture  is  removed  from  the  fire  ; 
no  gas  is  evolved,  but  a  brown,  oily  mixture  of  acetone  and  metace- 
tone  passes  over.  (Fremy,  Ann.  Chim.  Phys.  59,  5.)  The  same  pro- 
ducts are  obtained  in  greater  abundance  with  3  pts.  lime  to  1  pt.  sugar. 
(Gottlieb,  Ann.  Pharm.  59,  5.)  —  When  cane-sugar  is  distilled  with 
soda-lime,  small  quantities  of  ethylene,  propylene,  and  amylene  are 
obtained.     (Berthelot,  Inst.  1857,  269 ;  Kopp's  Jahresber.  1857,  426.) 

When  considerable  quantities  of  cane-sugar  are  heated  with  3  to 
8  pts.  quick-lime,  combustible  gases  are  evolved,  and  a  liquid  distillate 
passes  over,  containing  acetone,  oils  of  the  formulse  C^*H."0^  C^^H^'^0^ 
(j2o]ji7Q3^  and  C^H^O^  a  small  quantity  of  resin,  and  substances  soluble 
in  potash-ley.     (R.  Schwarz.) 
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When  the  liquid  distillate  is  rectified  with  water,  the  resin  remains  behind,  while  a 
pale  yellow  oil  floats  on  the  water  which  passes  over.  On  agitating  this  resin  with  milk 
of  lime,  and  distilling  the  filtrate  with  dilute  sulphuric  acid,  acetic  and  propionic  acids 
pass  over. 

The  pale  yellow  oil  gives  up  acetone  to  water ;  the  insoluble  portion  is  partly  dis- 
solved, with  dark  red-brown  colour,  by  potash -ley,  the  oil  which  floats  on  the  surface 
acquiring  at  the  same  time  an  agreeable  odour.  The  potash-solution,  distilled  with 
sulphuric  acid,  deposits  resin  and  gives  off"  traces  of  fatty  acids,  together  with  a  neutral 
oil  having  an  odour  of  peppermint,  containing  61 '07  p.  c  carbon,  12*  10  hydrogen,  and 
26'83  oxygen,  and  agreeing,  according  to  Schwarz,  with  the  formula  C^H'O^ 

The  portion  of  the  pale-yellow  oil  which  has  been  treated  with  water  and  potash- 
ley,  if  again  subjected  to  fractional  distillation,  passes  over  between  70°  and  250°,  but 
not  completely.  The  portion  volatilised  at  70°  contains  70'30  p.  c.  C,  9'52  H.,  and 
20*18  O.,  according  to  Schwarz  =  Ci'^H^O^ ;  that  which  volatilises  at  95°  contains 
73-72  C,  10-25  H.,  and  16-03  0.,  according  to  Schwarz  =  CiSH^^O^  (perhaps  dumasin 
ix.  25  ?  Kr.) :  that  which  volatilises  at  100°  contains  77-61  p.  c.  C,  11-29  H.,  and 
10-10  O.,  according  to  Schwarz  =  0^8^2503  (phorone  xiii,  342?  Kr.),  and  that  which 
volatilises  at  150°  contains  74-40°  p.  c.  C,  10-15  H.,  and  15*45  O.,  according  to 
Schwarz  =  C^^W^O^. — The  mixture  of  these  compounds,  treated  with  oxidising 
agents,  yields  fatty  acids  and  a  neutral  oil  containing  76-60  p.  c.  C,  10-48  H.,  and 
12-92  O.  The  same  mixture,  boiled  for  some  time  with  potash-ley,  becomes  dark-coloured 
and  yields  resin  and  a  mobile  oil  containing  72-01  to  73-46  p.  c.  C.,  and  10'61  to  10-08  H. 
The  latter  is  further  decomposed  by  hot  nitric  acid,  yielding  oxalic  acid  and  a  new 
volatile  oil  (78-68  p.  c.  C,  10-59  H.,  and  10-63  0.  =  CI^RSO :  Schwarz).  It  is  also 
decomposed  by  oil  of  vitriol  or  anhydrous  phosphoric  acid,  producing  a  hydro-carbon 
(89-81  p.  c.  C.  and  10-18  H.  =  C^m^,  Schwarz),  whose  boiling  point  lies  at  about  180°, 
differing,  therefore,  from  that  of  cumene  and  that  of  mesitylene  (R.  Schwarz,  Wien, 
Akad.  Ber.  5,  159 ;  J.  pr.  Chem.  51,  374). 

25.  Cane-sugar  solution  heated  with  basic  nitrate  of  bismuth,  does 
not  alter  it,  or  merely  gives  it  a  faint  yellowish  colour.  (Bottger, 
Jahrb.  pr.  Pharm.  22,  23.)  —  26.  Boiled  with  acetate  of  zinc,  it  gives 
off  a  trace  of  carbonic  acid.  (Peschier,  J.  Pharm.  3,  508.)  —  27.  A 
clear  mixture  of  cane-sugar  and  aqueous  protochloride  of  tin,  kept  in  a 
sealed  tube,  deposits  a  white  precipitate,  without  further  alteration. 
In  contact  with  the  au',  it  turns  brown  after  some  hours,  and  gives  off 
an  odour  of  caramel.     (Bechamp,  N.  Ann.  Chim.  Phys.  54,  38.) 

28.  When  an  aqueous  solution  of  1  pt.  cane-sugar  and  15  to  30  pts. 
5-hydrated  bichloride  of  tin  is  evaporated  to  dryness,  and  the  residue 
heated  to  120° — 130°,  it  blackens  and  is  converted  into  Maumene's 
caramelin  C'lI^O*.  This  black-brown  caramelin,  insoluble  in  water, 
dilute  acids,  and  alkalis  is  (different  from  Gehs's  caramehn,  and)  formed 
from  sugar  by  abstraction  of  7  at.  water:  C^^huq^i  =  C^2H*0*  +  7H0. 
(Maumene,  Compt.  rend.  30,  314,  447 ;  39,  422.)  With  a  smaller 
quantity  of  chloride  of  tin  (protochloride  of  mercwy  or  terchloride  of 
antimony),  a  brown  substance  partially  soluble  in  water  is  produced, 
perhaps  a  mixtm^e  of  caramelin  and  unaltered  sugar.  —  This  re-action 
is  appHed  by  Maumene  to  the  detection  and  estimation  of  sugar ;  but 
all  carbohydrates  behave  in  the  same  way. 

29.  When  the  compo^md  of  cane-sugar  with  oxide  of  lead  is  heated  for 
three  hours  to  168",  the  residue  decomposed  under  water  by  hydro- 
sulphuric  or  carbonic  acid,  yields  a  colourless  solution,  from  which  by 
evaporation  a  transparent  non-solidifying  syrup  is  obtained.  (Berze- 
lius,  Jahresber.  19,442.)  See  below.  When  neutral  acetate  of  lead  is 
boiled  for  some  time  with  solution  of  cane-sugar,  a  brown  precipitate 
is  obtained.     (Peschier,  J.  Pharm.  3,  508.) 

30.  Sesquichloride  of  iron  is  reduced  to  protochloride  by  heating 
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Avith  cane-sugar  solution,  without  evolution  of  carbonic  acid.  Cane- 
sugar  heated  with  ferric  oxide,  sulphuric  acid,  and  water,  yields  formic 
and  carbonic  acids.  (Hiinefeld,  ./.  pr.  Chem.  7,  44.)  —  With  ferric 
acetate^  cane-sugar  solution  gives  off  a  small  quantity  of  carbonic  acid, 
and  deposits  ferrous  oxide.  (Peschier,  J.  Pharm.  3,  508.)  —  When 
1  pt.  of  iodide  of  iron,  1  pt.  cane-sugar,  and  4  pts.  water  are  evaporated 
together  to  dryness,  the  residue,  after  standing  for  a  week,  gives  up 
a  portion  of  its  substance  to  water.  The  dark-brown  filtrate  contains 
iodide  of  iron,  but  is  no  longer  capable  of  fermenting  with  yeast.  The 
residue  is  a  black-brown  powder  which  is  slowly  decomposed  by  hydro- 
chloric acid  into  a  brown  solution  and  cinnamon-brown  flocks,  gives  off 
iodine  when  heated,  and  leaves  charcoal,  after  the  combustion  of  which 
ferric  oxide  remains.  Soda-ley  withdraws  iodine  from  the  residue  and 
loaves  a  mixture  of  ferric  oxide  and  charcoal.  (Frickhinger,  Repert. 
85,  210.) 

31.  When  a  strong  solution  of  cane-sugar  is  boiled  with  a  few 
lumps  of  potash,  then  diluted  with  water,  and  nitrate  of  cobalt  added, 
a  beautiful  violet  precipitate  is  formed  which  turns  greenish  on  stand- 
ing. The  presence  of  grape-sugar  prevents  the  formation  of  the  pre- 
cipitate.    (Reich,  J,  pr.  Chem.  43,  72.) 

32.  With  Cupric  Salts. — Cane-sugar  solution  left  in  contact  with 
cupric  hydrate  for  a  week  in  the  cold,  neither  alters  its  colour  nor  gives 
off  carbonic  acid ;  but  after  from  4  to  6  hours'  boiling — the  water  which 
evaporates  being  replaced — cuprous  oxide  begins  to  form.  (Busch, 
Ann.  Pharm.  4,  60.)  Cupric  hydrate  preserves  its  colour  when  left  to 
stand  in  the  cold,  or  when  boiled  for  a  short  time  with  syrup  of  cane- 
sugar,  but  after  longer  boiling  it  gives  up  its  water,  turns  brown,  and 
after  two  hours'  boUing  is  reduced  to  yellow  cuprous  oxide.  If  the 
syrup  contains  a  trace  of  alkali,  the  cupric  hydrate  dissolves  imme- 
diately, and  is  then  precipitated  by  the  sugar  as  cuprous  oxide,  this 
solution  and  precipitation  going  on  till  the  whole  of  the  cupric  oxide 
is  reduced.  (Hunton,  Land.  Ed.  Mag.  J.,  11,  154.)  When  cuprio 
iiydrate  washed  with  cold  water,  is  boiled  with  cane-sugar  solution  and 
M  Uttle  caustic  alkali,  the  colourless  liquid  filtered  from  the  precipitated 
cuprous  hydrate  contains  oxalic  acid  (J.  J.  Pohl,  J.  pr.  Chem.  63,  359), 
carbonic  and  acetic  acids.  (Becquerel,  Ann.  Chim.  Phys.  47,  5.)  Ignited 
cupric  oxide  is  not  altered  by  boihng  for  several  hours  with  solution  of 
cane-sugar,  but  m  presence  of  lime  or  alkalis,  it  dissolves  and  is  preci- 
pitated as  cuprous  oxide.  (Hunton.)  When  cupric  hydrate  is  heated  for  a 
short  time  with  cane-sugar,  and  a  quantity  of  potash  not  sufficient  for  complete  solution, 
a  permanent  green  colour  is  produced.  (Pohl.)  —  Cane -Sugar  boiled  with 
aqueous  cupric  sidphate  throws  down  metallic  copper  (from  which  aqueous 
ammonia  removes  a  brown-red  film),  while   a   small    quantity    of  CUprouS  Salt 

remains  dissolved.  (Yogel,  Bchw.  13,  102.)  The  concentrated  solu- 
tion of  equal  parts  of  cupric  sulphate  and  cane-sugar  acquires  by 
boiling,  a  blue-green,  dark-green,  and  finally  dark-brown  colour,  and 
deposits  metallic  copper,  after  the  removal  of  which  the  supernatant 
hquid  again  appears  green.  On  boiling  the  liquid  for  several  hours 
and  replacing  that  which  evaporates,  it  becomes  dark-brown,  viscid, 
and  smells  like  caramel.  (Pohl.)  The  solution  of  equal  parts  of  cupric 
sulphate  and  cane-sugar  yields,  on  addition  of  soda-ley,  a  precipitate 
of  cupric  hydrate,  which  redissolves  with  deep-blue  colour  in  excess  of 
soda-ley,  and  is  precipitated  as  red  cuprous  oxide  when  heated.    (Mit- 
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scherlicli,  Pogg.  49,  402.)  If  a  sufficient  excess  of  alkali  is  present, 
the  blue  solution  remains  unaltered  in  the  cold  for  several  days,  and 
deposits  a  small  quantity  of  cuprous  oxide  only  after  some  weeks. 
The  reduction  does  not  take  place  till  after  some  time,  even  on  boiling. 
(Troramer,  Ann.  Pharm.  39,  360.)  After  14  days'  standing  in  closed 
vessels,  it  deposits  a  green-blue  precipitate  and  cuprous  oxide. 
(Schwertfeger,  Jahrh.  pr.  Pharm.  7,  292.)  —  When  cane-sugar  is 
boiled  with  cupric  chloride,  the  liquid  on  cooling  deposits  cuprous 
chloride;  from  cupric  nitrate  nothing  is  precipitated  on  boiling,  but 
the  liquid  afterwards  yields  a  yellow  precipitate  with  potash.  From 
cupric  acetate,  cane-sugar  precipitates  on  boiling  (slowly  in  the  cold, 
more  quickly  at  36°  :  Postel,  J.  Pharm.  18,  570),  a  large  quantity  of 
cuprous  oxide  containing  organic  matter,  whilst  a  deliquescent  sugar 
remains  in  the  hquid.  (Vogel ;  Buchner,  Schv.  14,  224.)  At  the  begin- 
ning of  the  boiling,  a  small  quantity  of  carbonic  acid  is  evolved.  (Peschier,  J.  Pharm. 
3,  508.)  After  half-an-hour's  boiling  of  I  pt.  verdigris,  48  pts.  water,  and  48  pts. 
sugar,  the  whole  of  the  copper  is  precipitated  as  cuprous  oxide,  together  with  a  colour- 
less jelly  soluble  in  water.  (Holger,  Zeitschr.  jjfiys.-math.  3,  401.)  According  to 
Baumann  {N.  Br.  Arch.  37,  47),  cane-sugar  solution  is  not  altered  by  boiling  with 
cupric  sulphate,  chloride  or  acetate,  or  with  cuprammonia. 

33.  Mercuric  oxide  boiled  with  an  aqueous  solution  of  cane-sugar  is 
converted  into  a  black  powder  containing  mercurous  oxide.  (Vogel). 
From  solution  of  mercuric  chloride,  cane-sugar  at  the  boiling  heat,  throws 
down  calomel  (Yogel),  a  dirty  brown  precipitate  (Peschier) ;  from 
mercurous  nitrate  it  reduces  the  metal,  together  with  a  small  quantity 
of  mercurous  oxide,  and  converts  mercuric  acetate  into  mercurous  acetate. 
(Vogel,  Schw.  13,  162  ;  Buchner,  Schiu.  14,  224).  According  to  Baumann, 
mercurous  nitrate  is  not  reduced  by  sugar  at  the  boiling  heat. 

34.  Cane-sugar  triturated  with  nitrate  of  silver  soon  becomes  moist, 
and  reddens  the  more  quickly  as  it  is  exposed  to  a  brighter  light. 
Aqueous  cane-sugar  mixed  with  nitrate  of  silver  deposits  (at  the  boil- 
ing heat,  according  to  Vogel)  a  black  powder  (Rouchas,  J.  Pharm.  17, 
116 ;  N.  Tr.  24,  2,  187)  which  appears  to  be  a  mixture  of  oxide  and 

metal.  (A.  Vogel.)  According  to  Baumann,  aqueous  nitrate  or  ammonio-nitrate 
of  silver  is  scarcely  reduced  by  boiling  with  cane-sugar  solution.  —  Chloride  of  silver 
covered  with  concentrated  potash-ley  is  reduced  to  the  metallic  state 
by  cane-sugar.   (Casaseca,  Compt.  rend.  32,  686  ;  J.  pr.  Chem.  53,  318.) 

35.  Cane-sugar  boiled  with  aqueous  "bichloride  of  platinum  precipi- 
tates nothing,  according  to  Baumann ;  a  black-brown  substance,  accord- 
ing to  Peschier. —  36.  From  aqueous  fercAZoncfe  of  gold  it  precipitates 
first  a  light  red,  then  a  dark  red  powder.     (Vogel,  Buchner.) 

37.  When  a  mixture  of  cane-sugar,  bromide  of  ethyl,  and  lumps  of 
potash-hydrate  is  heated  to  100°  for  several  days,  Berthelot's  ethyl- 
glucose  is  obtained.  (Berthelot.  N.  Ann.  Chim.  Phys.  60, 103;  Chim.  organ. 
2,  301.) 

38.  A  solution  of  indigo  mixed  with  carbonate  of  soda  is  not  deco- 
lorised by  prolonged  boiling  with  cane-sugar  solution.  (Mulder, 
N.  Br.  Arch.  105,  268.) 

39.  Cane-sugar  is  not  altered  either  by  diastase  (Gue'rin-Varr^^, 
Ann.  Chim.  Phys.  60,  32),  or  by  emidsin.     (0.  Schmidt.) 
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40.  Moderately  concentrated  aqueous  solutions  of  cane-sugar  left 
in  contact  with  certain  nitrogenous  bodies,  at  temperatures  between 
10°  and  30°,  undergo  transformations  distinguished  by  the  names 
Vinous,  Lactous,  and  Mucous  Fermentation.     (See  vii,  96.) 

A.  Vinous  Fermentation. — The  clear  juice  of  sacchariferous  plants 
left  to  itself  in  contact  with  the  air  at  temperatures  betM^een  20°  and 
24°,  becomes  turbid  after  a  few  hours,  gives  off  carbonic  acid,  becomes 
warmer  than  the  surrounding  air,  and  remains  in  a  state  of  transfor- 
mation for  an  interval  varying  from  48  hours  to  several  weeks,  accord- 
ing to  the  temperature,  the  amount  of  sugar  present,  and  the  nature 
of  the  nitrogenous  matters, — till  in  fact  the  whole  of  the  sugar  is 
decomposed.  As  soon  as  the  evolution  of  carbonic  acid  is  terminated, 
a  substance  previously  suspended  in  it,  the  ferment,  separates,  partly 
carried  upwards  b}'-  adhering  gas-bubbles,  partly  downwards,  leaving 
the  liquid  clear,  which  then,  in  place  of  the  sugar,  contains  alcohol, 
glycerin,  and  succinic  acid.  The  ferment  formed  in  this  process,  if 
introduced  at  about  the  same  temperature,  into  a  moderately  dilute 
solution  of  pure  sugar,  induces  therein  also  the  decomposition  of  the 
sugar  into  the  same  products. 

Solutions  of  sugar  containing  glutin  altered  by  the  process  of 
germination  or  of  mashing,  undergo,  on  standing,  an  irregular  fer- 
mentation, which  however  may  be  rendered  regular  by  the  introduction 
of  a  small  quantity  of  ferment.  Such  is  the  case  in  the  fermentation  of 
beer-worts.  —  Comp.  Ure  (/.  pr.  Chem.  19,  183). — When  albuminoidal  sub- 
stances, glutin,  casein,  or  substances  of  like  nature,  are  introduced  into 
sugar  solutions,  and  the  liquids  are  exposed  for  some  time  to  the  air, 
sometimes  vinous  fermentation  takes  place,  sometimes  another  kind  of 
decomposition.       See  the  details  below. 

The  views  of  Schwann  already  mentioned  (vii,  109)  on  the  conditions  of  fermenta- 
tion, and  those  of  Cagniard  de  Latour  on  the  nature  of  yeast,  have  been  further  deve- 
loped by  Mitscherlich,  Blondeau,  Schroder  &  Dusdi,  Van  den  Broek,  Pasteur,  and 
others,  and  may  now  be  regarded  as  established.  For  t\\o.  opposite  views  of  Liebig,  see 
Handworterb.  3,  117;  Agricultur-chemie,  5  Aufl.  4G9;  this  Handbook,  vii,  109;  of 
Schmidt,  Ann.  Pharm.  61,  1G8  ;  of  Schubert,  Pogg.  147  and  397  ;  of  Dopping  & 
Struve,  J.pr.  Chem.  41,  255;  of  Traube,  Pogg.  103,  331  ;  of  Berthelot,  Compt.  rend. 
50,  680;  &c.  &c. 

a.  Vinous  fermentation  is  always  produced  under  the  influence  of 
the  vital  energy  of  yeast-cells  {Bierhefe,  Ferment  alcoolique,  Torvula 
cerevisim :  Blondeau  de  Carollcs),  either  when  beer-yeast  is  introduced 
into  saccharine  liquids  in  which  it  can  grow,  or  when  the  liquid  is  of 
such  a  nature  that  yeast-cells  can  form  in  it  spontaneously. 

Vinous  fermentation  is  produced  b}'-  one  particular  fungus,  lac- 
tous  fermentation  by  another.  (Blondeau,  Pasteur.)  The  spores 
of  yeast  are  universally  diffused  through  the  air,  and  produce 
yeast-cells  whenever  they  come  into  a  sugar-solution  adapted  to 
their  development;  air  deprived  of  these  bodies  never  excites  fer- 
mentation. 

Fermentation  is  in  all  cases  preceded  by  the  development  of  vege- 
table germs  in  the  fermentable  hquid.  These  germs  are  of  various 
species,  some  of  which  develop  themselves  while  others  remain  inac- 
tive, according  as  the  hquid  is  or  is  not  adapted  to  their  development 
and  sustenance.     (Blondeau). 

A  sugar-solution  mixed  with  yeast  ferments  immediately ;  but  the 
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juice  of  grapes  and  other  fruits  requires  access  of  air  to  bring  it  into 
the  fermenting  state.  If  the  air  is  excluded,  expressed  grape- juice 
does  not  ferment,  but  if  oxygen  has  access  to  it,  fermentation  is  set 
up.  Grape-juice  preserved  for  a  year  by  Appert's  method  (vii,  100) 
ferments  a  few  days  after  transference  into  another  vessel.  The  same 
grape-juice  passed  up  over  mercury,  without  coming  in  contact  with 
the  air,  does  not  ferment  till  oxygen  gas  is  passed  up  to  it.  Hence, 
Gay-Lussac  regarded  oxygen  as  essential  to  the  commencement  of 
fermentation  in  fruit-juices,  but  not  to  its  continuance.  (Gay-Lussac, 
Ann.  Chim.  76,  247). 

Air  previously  heated  to  redness  cannot  induce  fermentation  in  a 
solution  of  sugar  mixed  with  yeast  and  boiled,  inasmuch  as  either 
unboiled  organic  matter  or  unignited  air  is  necessary  to  the  commence- 
ment of  the  process.  (Schwann,  Pogg.  41, 187;  Ure,  J.pr.  Chem.  19, 187.) 
Wine-must  boiled  and  enclosed  in  a  bladder  does  not  ferment  even  if 
suspended  in  fermenting  must.  It  appears  indeed  that  the  access  of  a 
solid  body  from  the  air  is  essential  to  vinous  fermentation,  so  that 
oxygen  gas  evolved  from  water  by  electrolysis  is  incapable  of  bringing 
boiled  grape-juice  into  the  fermenting  state.  (Ilelmholtz,  J.  pr.  Chem, 
31,  434.)  The  ferment  of  the  air  may  likewise  be  retained  by  filtra- 
tion through  cotton ;  consequently  sweet  malt-wort  in  contact  with 
filtered  air  does  not  ferment  even  for  weeks.  (Schroder  &  Dusch, 
Ann.  Pharm.  89,  332.) 

Fresh  grape-juice  which  has  never  come  in  contact  with  atmos- 
pheric air,  suffers  no  alteration  for  years  when  kept  over  mercury  at 
a  temperature  between  26°  and  28°.  If  oxygen  gas  previously  heated 
to  redness  or  filtered  through  cotton  be  brought  in  contact  with  it, 
the  juice  after  some  hours  becomes  darker,  absorbs  the  oxygen,  and 
gives  off  carbonic  acid,  but  no  fermentation  takes  place  even  after  a 
long  time.  Common  air,  inasmuch  as  it  contains  bodies  capable  of 
forming  j^east-cells,  or  the  yeast-cells  themselves  (even  such  as  have 
never  been  in  contact  with  the  air)  can  set  up  vinous  fermentation, 
the  continuation  of  which  is  promoted  entirely  by  the  growth  of  the 
yeast-cells.     (Van  den  Brock,  J.m;/.  Pharm.  115,  75.) 

The  fungi  diffused  over  the  surface  of  fruits,  leaves,  and  fruit- 
stalks,  likewise  induce  fermentation  in  saccharine  liquids.  If  to  a  fer- 
mentable fruit-juice  mixed  with  sugar,  there  be  added  2  measures  of 
water,  the  whole  violently  and  continuously  shaken,  and  the  liquid, 
which  has  become  specifically  lighter,  set  aside,  the  cells  of  the  fungi 
rise  to  the  surface,  and  then  give  rise  to  formation  of  mould,  but  no 
fermentation  takes  place  within  the  Uquid.  (H.  Hoffmann,  Ann.  Pharm. 
115,  228.) 

If  the  motes  floating  in  the  air  are  collected  in  cotton  or  asbestos 
contained  in  a  tube  through  which  the  air  is  drawn,  and  introduced 
into  sugar-solutions  which  have  been  well  boiled  and  cooled  again, 
and  are  mixed  with  the  mineral  and  albuminoidal  constituents  of 
yeast,  they  develop  into  infusoria  and  mncedinece,  even  if  only  ignited 
air  has  access  to  the  liquid.  Sugar-solutions  mixed  with  the  same 
yeast-constituents,  but  not  containing  this  dust,  undergo  no  alteration 
between  28°  and  30°;  neither  do  those  into  which  cotton  or  asbestos  alone 
is  introduced.  The  same  hquid  remains  unaltered  if  boiled  in  a  glass 
flask,  the  neck  of  which  is  bent  so  that  no  dust  can  fall  into  it,  the 
flask  being  afterwards  left  unclosed.  (Pasteur,  Compt.  rend.  50,  303  • 
Bee  also  N.  Ann.  Chim.  Phys.  64,  5.) 
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The  better  a  saccharine  hquid  is  adapted  for  the  nutrition  of  yeast- 
cells,  the  more  easily  will  they  be  developed  (from  the  above-mentioned 
bodies  in  the  atmosphere)  when  air  has  access  to  the  liquid.  Thus 
vinous  fermentation  is  almost  always  set  up  when  the  clear-filtered 
wash- water,  or  the  decoction,  of  yeast  (which  contains  the  soluble  mine- 
ral and  albuminoidal  constituents  of  that  substance)  is  mixed  with 
sugar-solution  and  left  to  itself  (as  observed  long  ago  by  Colin) ;  it 
is  frequently  also  accompanied  by  lactous  fermentation  ;  but  the  latter 
very  seldom  takes  place  alone,  unless  the  wash-water  of  previously 
altered  yeast  has  been  used  (Pasteur).  All  natural  saccharine  juices 
which  ferment  spontaneously  yield  a  deposit  of  yeast  (Thenard,  Mit- 
scherlich).  Also  diabetic  sugar  (Quevenne,  /.  Pharm.  24,  36).  Yeast  is 
formed  in  liquids  containing  putrefying  animal  matters,  on  addition  of 
sugar,  the  formation  of  vibrios  continuing  if  the  sugar  is  present  in 
small  quantity  only,  but  being  hindered  by  a  larger  quantity  (Mit- 
scherlich,  N.  J.  Pharm.  4,  218).  A  similar  observation  was  made  by 
Cagniard  de  Latour.  Hence  there  can  be  no  doubt  that,  in  the  follow- 
ing cases  also,  the  occurrence  of  vinous  fermentation  depends  upon 
the  previous  formation  of  yeast.  Vinous  fermentation  is  produced  in 
sugar-solutions,  after  access  of  air,  by  the  glutinous  matter  suspended 
in  currant-juice,  but  not  by  the  soluble  part  alone  (Thenard),  by  white 
of  Qgg  (Seguin),  gliadin  (Taddei),  leguniin,  especially  if  in  a  state  of 
incipient  putrefaction  (Braconnot),  by  wheat-glutin,  vine-  and  sorrel- 
leaves,  mashed  elder-flowers  (Fabroni),  ox-blood,  the  fibrin  and  serura 
of  blood  (Colin),  comminuted  brain  (Pouchet,  Compt.  rend.  52,  284),  and 
many  other  bodies.  Honey  dissolved  in  4  pts.  of  water  ferments 
without  addition  of  yeast  (Cohn).  Fermenting  liquids  exposed  to  the 
air  after  boiling,  gradually  pass  into  the  fermenting  state  agaui  (Gay- 
Lussac).  Sugar-solutions  cannot  be  brought  into  the  fermenting 
state  by  wood-charcoal,  the  charcoal  obtained  by  igniting  animal" 
matters  with  potash  and  lixiviating  the  residue,  or  platinum-black 
(Berzelius). 

The  vinous  fermentation  of  sugar  is  likewise  induced  by  the  pecu- 
Uar  ferment  of  madder  (Schunck's  erythrozijm)  in  contact  with  air, 
especially  if  this  substance  is  in  a  state  of  decomposition.  A  mixture 
of  carbonic  acid  and  hydrogen  is  evolved  ;  and  the  liquid,  after  14  days, 
contains  alcohol,  acetic  acid  (perhaps,  also,  formic  acid),  a  small  quan- 
tity of  succinic  acid,  and  a  sweet,  brown,  uncrystallisable  body  (gly- 
cerin ?  Kr.),  but  no  lactic  acid.  The  same  effect  is  likewise  produced 
by  the  brown  precipitate  formed  on  adding  a  small  quantity  of  hydro- 
chloric acid  to  an  aqueous  infusion  of  madder  after  it  has  been  made 
alkahne  by  lime-water  (Schunk,  J.  pr.  Chem.  63,  222). 

The  clear  filtrate  of  almonds  bruised  with  water  quickly  brings 
grape-sugar  into  full  fermentation,  without  at  first  producing  yeast- 
cells  perceptible  by  the  microscope,  these  cells  making  their  appear- 
ance only  at  a  later  stage  of  the  process.  The  sacchariferous  (?) 
liquid,  if  left  to  itself  after  the  fermentation  is  ended,  becomes  filled 
with  aggregates  of  cells,  but  putrefaction  does  not  take  place  within 
8  to  14  days.  The  fungi  thus  formed,  if  introduced  into  a  fresh  solu- 
tion of  grape-sugar,  continue  to  grow  in  it,  but  produce  only  a  slight 
and  very  transient  fermentation,  or  none  at  all.  When  muscle, 
gelatin,  or  yeast,  in  a  state  of  stinking  putrefaction,  is  introduced  into 
a  solution  of  sugar,  the  putrefaction  ceases,  fermentation  is  set  up, 
and  yeast-cells  are  produced.     (0.  Schmidt,  Ann.  Pharm.  61,   168; 
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Lieb.  Kopp.  Jahresher.  1847-48,  468.)  Hence  Schmidt  (like  Liebig) 
regards  the  growth  of  fungi  in  fermentation  as  merely  a  secondary 
phenomenon,  not  an  essential  condition  of  the  fermentation.  But 
K.  Wagner  {J.pr.  Chem.  45,  241)  observed  the  simultaneous  occur- 
rence of  fermentation  and  formation  of  yeast-cells  under  the  conditions 
described  by  Schmidt. 

Yeast  consists  of  very  small  microscopic,  round,  or  egg-shaped  balls 
(Leuwenhoeck,  Cagniard  de  Latour)  of  yoVo  ^^'  diameter  (Blondeau). 
These  balls  are  vegetable  cells  (Cagniard  de  Latour),  with  elastic 
walls,  filled  with  a  liquid  and  a  soft  horny  mass,  which  latter  is  at 
first  attached  to  the  walls,  but  extends  to  the  middle  as  the  cell 
grows  ;  young  cells  are  transparent,  and  almost  destitute  of  granular 
contents.  (Mitscherlich,  Pasteur.)  These  cells  multiply  by  gemma- 
tion (Cagniard  de  Latour,  Mitscherlich) ;  the  newly  formed  cells  do 
not  separate  from  the  central  cell  till  they  have  attained  to  nearly  the 
same  size.  (Pasteur.)  They  always  remain  isolated,  and  never  form 
ramifications  or  elongated  cells,  like  those  of  lactous  ferment.  (Blon- 
deau.) 

According  to  Cagniard  de  Latour,  Turpin,  and  Mitscherlich,  yeast- 
cells  also  increase  by  bursting  and  diffusing  their  granular  contents 
through  the  hquid,  the  granules  then  developing  into  cells.  Schloss- 
berger  and  Pasteur  did  not  observe  this  mode  of  formation,  which  is 
likewise  inconsistent  with  the  uniform  size  of  the  free  yeast-cells.  — 
Yeast   contains  cellulose,  fat,  nitrogenous   and  mineral   substances. 

See  analyses  of  yeast  by  Payen  {Mem.  des  Savants  strangers,  9,  32)  ;  Dumas  {Traite 
de  Chimie,  Paris,  1843,  6,  31G)  ;  Mitscherlich  {Lehrb.  4  Aufl.  370);  Schlossberger 
{Ann.Pharm.h\,\<d2>). 

The  yeast  deposited  in  the  vinous  fennentation  of  beer,  of  diabetic 
urine,  of  grape-juice  or  other  natural  fruit-juices,  is  invariably  of  the 
same  composition.  (Quevenne,  »/.  Pharm.  24,  265.)  —  In  commercial 
beer-yeast,  the  cells  of  Torvula  cerevisice  and  of  Penicillium  glaucwn  may 
be  distinguished  by  the  aid  of  the  microscope.  These  two  fungi  may 
be  separated  one  from  the  other,  by  Avashing  and  filtration,  the  larger 
cells  of  the  Torvula  remaining  on  the  filter  (and  exciting  vinous  fer- 
mentation when  introduced  into  sugar-solutions),  while  the  smaller 
cells  of  the  Penicillium  pass  through  the  filter  and,  consequent^,  the 
filtrate  excites  lactic  acid  fermentation  in  sugar-solutions.     (Blondeau.) 

On  the  distinction  between  top-  and  bottom-yeast,  see  Mitscherlich  {Poyg.  59,  94) ; 
R.  Wagner  {J.pr.  Chem.  45,  241);  onbeer-yeast  iu  general,  Colin  {Ann.  Chim.  P/iys. 
30,  42). 

Fermentation  takes  place  only  when  the  solution  is  sufficiently 
diluted  with  water ;  with  less  than  4  pts.  water  to  1  pt.  sugar,  it 
takes  place  but  imperfectly  or  not  at  all,  partly  perhaps  because  the 
resulting  alcohol  precipitates  the  nitrogenous  substances,  destroys 
the  fermentative  power  of  the  yeast,  or  renders  the  liquid  unfit  for  its 
further  development.  If,  on  the  other  hand,  the  liquid  is  too  dilute, 
the  fermentation  is  slow,  irregular,  and  easily  passes  into  acetous  fer- 
mentation. Moreover  it  is  necessary  that  the  yeast  be  in  direct  con- 
tact with  the  sugar-solutions.  A  solution  of  sugar  contained  in  a 
bladder  suspended  within  a  fermenting  liquid,  does  not  ferment,  but 
merely  takes  up  a  httle  alcohol  by  diffusion.     (Helmholtz,  p.  266.) 

When  a  tube,  plugged  with  filtering  paper  and  containing  yeast, 
is  introduced  into  a  sugar-solution,  this  solution  passes  through  the 
paper  and  ferments  within  the  tube,  but  not  outside.    (Mitscherlich, 
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iV.  Ann.  Chim.  Phjs.  7,  30.)  When  a  solution  of  sug-ar  contained  in  a 
test-tube  is  separated  into  two  parts  by  a  cotton  plug,  and  yeast  is 
introduced  into  the  upper  part,  this  part  ferments,  but  not  the  lower. 
(H.  Hoffmann,  Ann.  Pharm.  115,  228.) 

An  increase  of  yeast  takes  place  in  fermentation,  when  the  liquid, 
in  addition  to  sugar,  contains  a  nitrogenous  substance.  When,  on 
the  contrary,  yeast  is  left  in  contact  with  a  pure  solution  of  sugar,  it 
diminishes  both  in  weight  and  in  fermenting  power,  and  in  the  end 
becomes  totally  inactive.     (Payen,  Quevenne.) 

In  the  fermentation  of  pure  sugar-solutions,  the  yeast  first  increases 
in  weight  and  then  diminishes,  because  it  first  assimilates  the  con- 
stituents of  sugar,  and  gives  them  up  again  as  the  fermentation  pro- 
gresses.    (Quevenne,  J.  Pharm.  27,  593.) 

Yeast  may  grow  and  increase  in  sugar- solutions  if  they  are  mixed 
with  ammoniacal  salts,  yeast-ash,  and  a  trace  of  yeast, — fermentation 
then  also  ensuing. 

If  to  10  grs.  of  sugar-candy  there  be  added  1  gr.  of  yeast-ash, 
O'l  gr.  tartrate  of  ammonia  and  a  piece  of  moist  yeast  of  the  size  of  a 
X)in's  head,  carbonic  acid  begins  to  escape  after  the  lapse  of  24  to  36 
hours,  and  in  the  following  days  yeast  separates  out.  In  the  latter, 
the  microscope  will  distinguish  the  old  cells  added  to  the  liquid  from 
the  transparent  younger  cells.  In  time  however  these  differences  dis- 
appear, and  the  whole  of  the  yeast  assumes  the  granular  aspect  of  old 
washed  yeast.  If  the  constituents  of  the  ash  or  the  ammonia-salts 
are  absent  no  fermentation  takes  place  ;  if  the  yeast  cells  are  absent, 
infusoria  and  lactous  ferment  are  produced,  but  no  yeast  cells, 
apparently  because  the  liquid  is  not  adapted  for  their  develop- 
ment (from  the  spores  contained  in  the  air).  If  the  mixture  be  boiled, 
and  afterwards  brought  in  contact  only  with  heated  air,  no  fer- 
mentation of  any  kind  takes  place.     - 

Sugar-solution  mixed  with  white  of  hen's  egg,  passes,  in  the  course 
of  3  or  4  weeks,  into  a  state  of  slow  fermentation  and  deposits  cells  of 
yeast  (Colin  &  Thenard,  Turpin).  Even  when  yeast-cells  are  added, 
this  fermentation  does  not  take  place  till  the  albumin  has  passed  into 
a  state  of  decomposition.  But  blood-serum,  flesh-juice,  and  the  wash- 
water  of  yeast  may  serve  for  the  formation  of  yeast  without  further 
aid,  so  that,  after  addition  of  sugar,  yeast-cells  are  actively  developed 
in  these  liquids  (Pasteur). 

Yeast  grows  and  multiplies  in  pure  sugar- solutions  as  well  as  in 
such  as  have  been  mixed  with  albuminoidal  substances.  In  the  former 
case  all  the  yeast-cells  are  found,  at  the  end  of  the  fermentation,  to 
be  deprived  of  their  soluble  nitrogenous  constituents,  which  have  been 
used  for  the  formation  of  new  yeast-cells ;  in  the  second  case,  there 
are  found,  together  with  the  exhausted  cells,  a  large  number  of  newly- 
formed  cells  filled  with  soluble  mineral  and  albuminoidal  substances 
(Pasteur). — When  sugar- solutions  are  fermented  with  15  to  20  per 
cent,  of  moist  yeast,  the  quantity  of  yeast  found  at  the  end  of  the 
fermentation  is  less  than  that  originally  contained  in  the  Hquid.  If, 
on  the  contrary,  the  weight  of  the  yeast  was  10  p.  c.  or  less  of  that  of 
the  sugar,  it  increases  during-  the  fermentation.  But  if  to  the  weight 
of  the  recovered  yeast,  there  be  added  that  of  the  nitrogenous  sub- 
stances which  have  passed  into  the  solution,  the  sum  of  the  weights 
of  the  two  substances  exceeds  that  of  the  yeast  originally  employed 
by  1-2  to  1-5  p.  c.  of  the  sugar.     If  albuminoidal  substances  are  like- 
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wise  added,  they  are  consumed  in  the  formation  of  yeast ;  so  that 
here  also  the  weig^ht  of  the  yeast  separated  at  the  end  of  the  fer- 
mentation, together  with  that  of  the  yeast-constituents  which  have 
passed  into  the  solution,  is  somewhat  greater  than  the  weight  of  the 
albuminoidal  substances  used  (Pasteur). 

When  yeast  mixed  with  sugar-solution  and  albuminoidal  substances 
is  exposed  to  the  air  in  shallow  vessels,  oxygen  is  absorbed,  and  a 
quick  and  active  increase  of  the  yeast-cells  takes  place,  only  6  to  8  pts. 
of  sugar  being  decomposed  for  every  1  pt.  of  the  newly-formed  yeast. 
The  yeast  thus  formed,  if  introduced  into  sugar-water  without  coming 
in  contact  with  the  air,  immediately  excites  very  active  fermentation. 
(Pasteur,  Compt.  rend.  52,  1260).  Hence  Pasteur  concludes  that  yeast 
can  live  in  two  different  ways,  either  without  contact  of  air,  in  which 
case  it  decomposes  about  100  times  its  weight  of  sugar,  growing  and 
multiplying  but  slowly,  or  in  contact  with  the  air,  in  which  case  its 
reproduction  goes  on  very  quickly,  but  only  a  small  quantity  of  sugar, 
or,  under  favourable  circumstances,  perhaps  none  at  all,  is  converted 
into  alcohol  and  carbonic  acid. — With  free  access  of  air,  yeast  may 
grow  in  solutions  containing  albuminoidal  substances,  but  no  sugar 
whatever,  or  only  milk-sugar  (Pasteur,  i^wZ/.  Soc.  Chim.  Paris,  1861,  79). 

Thenard  {Ann,  Chim.  46,  294)  fermented  100  pts.  of  sugar  with  20 
pts.  of  beer-yeast,  and  obtanied  13*7  pts,  of  insoluble  residue,  which, 
when  brought  in  contact  with  a  larger  quantity  of  sugar,  diminished 
to  10  pts.  The  latter  was  white,  resembled  woody  fibre,  and  was  no 
longer  capable  of  exciting  fermentation. 

The  quantity  of  yeast  must  bear  a  definite  -proportion  to  that  of 
the  sugar ;  if  the  sugar  is  in  excess,  part  of  it  remains  undecomposed 
or  merely  undergoes  a  very  slow  after-fermentation,  often  going  on 
for  years. — If,  after  all  the  sugar  is  decomposed,  the  fermented  liquid 
remains  in  contact  with  the  yeast,  or  with  nitrogenous  matter  not 
wholly  converted  into  yeast,  putrefaction  may  ensue. 

Sugar-solutions  containing  a  sufficient  quantity  of  yeast,  ferment 
completely  in  two  or  three  weeks,  unless  lactic  acid  fermentation 
takes  place.  But  an  extremely  protracted  fermentation  ensues  when 
yeast  is  mixed  with  excess  of  sugar.  In  this  case,  the  yeast  lives  at 
the  expense  of  the  soluble  nitrogenous  substances,  and  after  these  are 
used  up,  the  younger  cells  continue  to  grow  at  the  expense  of  the  older 
(Pasteur). 

During  fermentation,  part  of  the  yeast  is  resolved  into  soluble 
products  (Thenard). —  The  yeast  recovered  from  pure  sugar-solutions 
after  fermentation  is  less  rich  in  nitrogen  than  the  original  yeast, 
partly  because  its  weight  has  been  increased  by  the  addition  of  non- 
azotised  matter  from  the  sugar,  partly  because  a  portion  of  its  own 
nitrogenous  substance  has  passed  into  the  solution.  On  the  other 
hand,  it  contains  more  woody  fibre  and  fat  than  before  fermentation ; 
these  substances  have  therefore  been  formed  from  the  sugar.  The 
yeast  formed  in  sugar-solutions  mixed  with  ammonia-salts,  yeast-ash, 
and  traces  of  yeast-cells,  contains  fat  (Pasteur).  Thenard  (^wn.  Chim.  46, 
294)  supposed  that  yeast  might  be  obtained  free  from  nitrogen  by  fermentation  with 
excess  of  sugar. 

The  nitrogen  of  yeast  is  not  converted  into  ammonia  during  fer- 
mentation ;  on  the  contrary,  any  ammonia  that  may  be  added  dis- 
appears wholly  or  partially  (Pasteur).  Dobereiner  supposed  that  the  nitrogen 
of  yeast  was  converted  into  ammonia  during  fermentation. 
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When  sugar  is  fermented  with  the  water  obtained  by  washing 
beer-yeast  (which  has  dissolved  out  the  soluble  constituents  of  the 
yeast),  and  with  a  trace  of  yeast-globules,  scarcely  half  the  original 
quantity  of  ammonia  is  found  in  the  yeast  at  the  end  of  the  fermenta- 
tion. In  other  cases,  scarcely  any  ammonia  is  found  in  the  liquid  after 
fermentation.  When  tartrate  of  ammonia  was  added  to  the  solution 
before  fermentation,  the  fermented  liquid  contained  free  tartaric  acid, 
and  only  f  of  the  ammonia  added  (Pasteur). 

When  sugar-solutions  are  fermented  with  a  very  large  excess  of 
yeast,  the  formation  of  alcohol  and  carbonic  acid  goes  on,  even  after 
all  the  sugar  is  decomposed,  at  the  expense  of  the  non-azotised 
matter  of  the  yeast,  so  tliat  the  amount  of  these  two  products 
obtained  is  more  than  equivalent  to  that  of  the  sugar. 

The  production  of  additional  quantities  of  alcohol  and  carbonic 
acid  at  the  expense  of  the  substance  of  the  yeast  does  not  take  place 
invariably  when  the  small  quantities  of  yeast  absolutely  required  for 
the  fermentation  are  exceeded,  not  even  when  40  pts.  of  moist  yeast 
(corresponding  to  8  pts.  of  the  dry  substance)  are  added  for  every 
100  pts.  of  sugar,  but  only  when  the  yeast  is  in  very  large  excess. 
Sugar  yields,  with  an  equal  weight  of  moist  yeast,  scarcely  more  car- 
bonic acid  than  corresponds  to  its  weight ;  with  5  to  7  pts.  moist 
yeast,  from  -^^  to  jV  more,  but  with  23^  pts.  dry  yeast  =  (110  pts. 
moist),  it  yields  about  three  times  as  much.  The  weight  of  the 
additional  quantity  of  alcohol  produced  is  likewise  equivalent  to  that 
of  the  carbonic  acid.  —  Very  active  yeast,  kept  under  water,  under- 
goes a  similar  fermentation  at  the  expense  of  its  own  substance, 
before  it  passes,  by  long  keeping,  into  the  putrefactive  state  (Pasteur). 
Yeast  loses  a  considerable  portion  of  its  fermenting  power  by 
pressure,  and  still  more  by  washing  with  water  (p.  267).— After 
thorough  drying,  its  power  of  exciting  fermentation  is  for  the  most 
part  destroyed.  This  statement  is  opposed  to  that  of  Cagniard  de 
Latour.— It  likewise  becomes  inactive  when  heated  either  alone  or 
with  water.  Dried  yeast  excites  fermentation  even  after  cooling  by 
solid  carbonic  acid.  (Cagniard  de  Latour.)— Yeast  crushed  on  the 
grindstone  no  longer  excites  fermentation  (Ludersdorff,  Fogg.  67, 
409),  or  only  after  a  considerable  time  ('Wagner);  it  then  excites 
lactous  fermentation.  (C.  Schmidt.)  Yeast  altered  by  too  long-con- 
tinued putrefaction,  is  inactive ;  but  if  the  putrefaction  has  been  less 
prolonged,  it  may  be  cliecked  and  converted  into  fermentation  by 
addition  of  sugar.  (Schlossberger,  Ann.  Pharm.  51,  211.)— The 
fermentative  power  of  yeast  is  destroyed  by  all  substances  which 
exert  a  poisonous  action  on  fungi,  but  not  by  such  as  kill  animals. 
(Schwann;  Mitscherhch,  N.  J.  Pharm.  A,  218.)  Yeast  sprinkled  with 
alcohol,  loses  its  fermentative  power,  which  is  not  transferred  to  the 
alcohol. 

The  action  of  yeast  on  sugar  is  prevented  by  too  great  concentra- 
tion of  the  solution,  whether  due  to  alkaline  chlorides,  gelatin,  gly- 
cerin, or  sugar.  (Berthelot,  N.  Ann.  Chim.  Phys.  50,  352.)  Strong 
mineral  acids,  added  even  in  small  quantity,  prevent  the  fermentation, 
phosphoric  acid  alone  acting  favourably.  (Wagner,  J.  pr.  Chem.  45, 
241.)  Sulphuric  acid  does  not  accelerate  the  fermentatioQ  of  sugar 
(Rose)  ;  sulphurous  acid  stops  it.  (Henry,  Ann.  Chim.  76,  290  ;  Gay- 
Lussac.)  Water  saturated  with  bisulphide  of  carbon  dees  not  pre- 
vent fermentation,  at  least  not  completely.    (Berthelot.)    Arsenious 
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acid  does  not  prevent  fermentation.  (Quevenne,  Schlossberger.) 
According-  to  Rousseau,  vegetable  acids  are  essential  to  fermentation ; 
according  to  Antlion,  they  are  injurious.  Small  quantities  of  formic, 
oxalic,  or  acetic  acid,  destroy  the  activity  of  ferment  (Dobereiner) ; 
acetic  acid,  and  especially  lactic  acid,  act  favourably,  according*  to 
Mulder  and  Wagner,  unfavourably  according  to  Dumas  and  Anthon 
{Dingl.  153,  303  ;  154,  223)  ;  tartar  acts  favourably  with  cane-sugar 
according  to  Rose,  injuriously  with  fruit-juices  or  grape-sugar,  accord- 
ing to  Anthon.  The  juice  of  unripe  gooseberries  or  currants  mixed 
with  grape-sugar  ferments  more  completely  when  neutralised  with 
carbonate  of  lime  than  in  the  sour  state.  (Anthon,  Dingl.  153,  385). 
The  fermentation  of  sugar-solutions  mixed  with  yeast  goes  on  most 
quickly  when  the  liquid  is  kept  neutral  by  addition  of  carbonate  of 
lime,  the  action  not  being  necessarily  accompanied  by  formation  of 
lactic  acid.  But  such  a  liquid  also  promotes  the  development  of 
lactous  ferment,  so  that  a  portion  of  the  sugar  is  apt  to  be  converted 
into  lactic  acid.  (Pasteur,  N,  Ann.  Chim.  Phys.  52,  415.)— Fermenta- 
tion is  not  prevented  by  the  oxides  of  zinc,  lead,  and  copper,  the  car- 
bonates of  baryta,  magnesia,  manganese,  and  nickel,  or  even  by 
metallic  iron  or  ferrous  carbonate  ;  but  soluble  iron-salts  partly  prevent 
fermentation,  and  ferric  sulphate  added  to  the  amount  of  30  p.  c.  of 
the  sugar,  stops  it  entirely.  A  similar  counteracting  effect  is  produced 
by  peroxide  of  manganese,  carbonate  of  copper,  carbonate  of  lead,  and 
soluble  lead-salts.  (Berthelot.)  Mercuric  oxide  destroys  the  fermen- 
tative power  of  yeast.  (Colin.)  Fermentation  is  retarded  by  potash 
or  lime  (Cruikshank),  by  soaps  (Wagner),  interrupted  by  a  small 
quantity  of  common  salt.  (Dobereiner.)  Fermentation  is  not  prevented, 
or  at  least  not  completely,  by  bicarbonate  of  potash  or  carbonate  of 
soda,  to  the  amount  of  10  p.  c.  of  the  sugar  (50  p.  c.  stops  it  com- 
pletely), sulphate  of  soda  or  sulphite  of  hme ;  it  is  not  prevented  by 
hyposulphite,  borate  or  phosphate  of  soda,  or  by  tartar  emetic  (Mits- 
cherlich),  extract  of  nux  vomica  (Schwann,  Ure),  quinine  or  strychnine 
(Wagner).  Wine-must  added  to  mustard-powder  or  oil  of  mustard  does 
not  ferment  in  8  months.  (Fontenelle,  J.  Phcirm.  9,  437.)  Oil  of  tur- 
pentine does  not  prevent  the  action  of  yeast  upon  sugar.  (Berthelot.) 
Yeast-cells  sown  in  onion- juice  expressed  and  mixed  with  sugar, 
never  develop  themselves,  unless  the  volatile  oil  is  driven  out  by 
boiling.  (Pasteur,  N.  Ann.  Chim.  Phjs.  52,  416.)  On  the  influence  of 
various  bodies  on  vinous  fermentation,  see  also  Leuchs  Chem.  Centr.  1861,  385). 

/3.  Cane-sugar  does  not  undergo  vinous  fermentation,  till,  under 
the  influence  of  a  peculiar  substance  in  the  yeast,  or  of  a  substance 
contained  especially  in  the  kernel  of  fruits,  it  has  been  resolved,  with 
assumption  of  water,  into  Isevo-  and  dextro-glucose.  (Dubrunfaut, 
Berthelot,  Buignet).  In  this  re-action,  the  specific  gravity  of  the  cane- 
sugar  solution  increases  (Graham,  Hoffmann  &  Redwood,  Chem.  Soc. 
Qu.  J.  231  ;  Lieb.  Kopp,   Jahresher.  1852,  801). 

Cane-sugar  does  not  split  up  into  alcohol  and  carbonic  acid,  till  it 
has  taken  up  an  atom  of  water  (Dumas  &  Boullay,  Ann.  Chim.  Phys. 
37,  46).  It  is  converted,  previous  to  fermentation,  into  uncrystalhsable 
(Dubrunfaut,  1838),  laevo-rotatory  sugar  (Persoz,  Compt.  rend.  17,  755  ; 
N.  Ann.  Chim.  Phys.  18,  102),  into  grape-sugar  (Rose,  Pogg.  52,  293). 
The  spontaneous  fermentation  which  sacchariferous  vegetable  juices 
undergo  on  standing,  produces  inversion  of  the  cane-sugar  contained 
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in  them.  (Biot,  Compt.  rend.  15,  528 ;  Hochstetter,  J.  pr.  Chem.  29,  29.) 
The  conversion  of  cane-sugar  into  nncrystallisable  sugar  is  Hke- 
wise  produced  by  boiling  with  nitrogenous  substances  (Hochstetter). 

Cane-sugar  solution  in  contact  with  washed  yeast  does  not  ferment 
for  a  month  at  20°  or  even  at  38°,  whereas  grape-sugar  ferments 
completely  under  similar  circumstances.  It  is  not  till  a  six-  or  eight- 
fold quantity  of  yeast  has  been  added,  that  slow  fermentation  takes 
place,  the  larger  quantity  of  yeast  first  converting  the  cane-sugar 
into  grape-sugar.  If  the  fermenting  cane-sugar  solution  is  mixed 
with  a  quantity  of  alcohol  sufficient  to  stop  the  fermentation,  and  the 
filtrate  evaporated  to  a  syrup,  a  non-crystallisable  mass  is  obtained 
resembhng  honey,  and  behaving  with  potash  like  grape-sugar  (Rose). 
Grape-sugar  certainly  ferments  somewhat  better  and  more  quickly 
than  cane-sugar,  but  without  exliibiting  the  great  differences  men- 
tioned by  Rose.  The  same  quantity  of  yeast  suffices  for  both  Irnids 
of  sugar.  (Pasteur,  N.  Ann.  Cliim.  Phys.  58,  357,)  The  sugar  pro- 
duced from  cane-sugar  by  the  action  of  a  ferment,  cannot  be  obtained 
in  the  crystaUine  state,  and  is  different  from  grape-sugar,  polarising  less 
strongly  than  granular  sugar  {Krumelzuclcer).  This  transformation  of 
cane-sugar  is  produced  by  a  substance  which  is  present  in  the  yeast- 
spherules  and  may  be  extracted  by  water.  Consequently  cane-sugar 
ferments  with  washed  yeast  less  quickly  than  with  fresh  yeast. 
Ordinary  unwashed  yeast  brings  cane-sugar  into  fermentation  as 
quickly  as  grape-sugar  (Mitscherlich,  Berl.  Ahad.  Ber.  1841,  300 ;  Pogg. 
55,  222  ;  Berz.  Jahresher.  22, 482).  Accordmg  to  a  former  view,  which 
Pasteur  {N.  Ann.  Chim.  Phys.  58,  357;  Compt.  rend.  50,  1083)  still 
endeavours  to  maintain,  the  inversion  of  the  cane-sugar  is  produced  by 
the  free  acid  of  the  fermenting  liquid.  This  view  is  contradicted  by 
the  experiments  of  Mitscherhch,  as  well  as  by  those  mentioned  on 
page  254,  on  the  behaviour  of  cane-sugar  with  dilute  acids  at  mean 
temperatures,  and  by  the  following.  Succinic  acid  mixed  with  a  cane- 
sugar  sohition  to  the  amount  of  0*38  p.  c.  does  not  produce  inversion  ; 
but  when  yeast,  which  has  been  pressed,  is  suspended  in  2  pts.  of 
water,  the  liquid  filtered,  after  some  hours  produces  transformation  of 
cane-sugar,  even  in  an  alkaline  solution,  but  no  fermentation  or  acidifi- 
cation. When  the  same  liquid  is  mixed  with  its  own  volume  of 
alcohol,  white  nitrogenous  flocks  are  precipitated,  which  after  being 
washed  with  alcohol  and  dried,  become  yellow  and  horny,  and  are 
capable  of  transforming  from  50  to  100  pts.  of  cane-sugar.  This 
substance  may  be  continually  reproduced  from  washed  yeast  by  again 
leaving  it  in  contact  with  water.  (Berthelot,  Compt.  rend.  50,  980  ;  Rep. 
Chim.  pure,  2,  272.)  When  added  to  fruit-juices,  it  likewise  transforms 
the  cane-sugar  into  inverse  sugar  (Buignet,  N.  Ann.  Chim.  Phys.  61, 
301).  The  nitrogenous  matter  of  beet-juice  also  converts  cane-sugar 
into  uncrystallisable  sugar ;  consequently  solutions  of  raw  sugar  are 
more  easily  decomposed  by  boiling  than  solutions  of  refined  sugar.  At 
the  same  time,  part  of  the  nitrogenous  matter  becomes  soluble  and  no 
longer  precipitable  by  heat,  lime,  or  tannic  acid.  (Hochstetter,  J.  pr. 
Chem.  20,  29.) 

The  cane-sugar  in  the  expressed  juice  of  the  peach  quickly  under- 
goes this  transformation  on  standing  (even  if  the  free  acid  has  been 
neutralised);  but  if  the  juice  is  mixed  with  an  equal  quantity  of 
alcohol  and  filtered  from  the  resulting  precipitate,  the  transformation 
is  scarcely  perceptible  even  after  two  months.     The  acid  juice   of 
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apricots  may  be  kept  for  a  while  without  much  alteration  ;  but  if  it  be 
mixed  with  a  small  quantity  of  a  solution  obtained  by  extracting 
crushed  gooseberries  with  water  and  filtering,  a  considerable  portion 
of  the  cane-sugar  in  the  apricot-juice  undergoes  transformation  in 
12  hours  at  ordinary  temperatures.     (Buignet.) 

At  the  beginning  of  the  fermentation,  and  even  an  hour  afterwards, 
a  solution  of  cane-sugar  still  exhibits  dextro-rotatory  power  which, 
however,  becomes  Itevo-rotatory  after  boiling  with  acids.  Hence  the 
transformation  of  the  cane-sugar  into  inverse  sugar  takes  place 
during  the  fermentation,  not  before,  and  is  not  quite  complete 
even  towards  the  end  of  the  operation  (Soubeiran,  JSF.  J.  Pharm. 
4,  347). 

7.  When  a  solution  of  cane-sugar  which  has  been  transformed  by 
acids,  is  fermented,  the  rotatory  power  of  the  fermenting  liquid  does 
not  diminish  till  -^  or  f  of  the  sugar  is  converted  into  alcohol,  but 
from  this  point  a  regular  diminution  of  the  laevo-rotatory  power  takes 
place,  proportionate  to  the  quantity  of  sugar  decomposed.  The  cause 
of  this  alteration  is,  that  during  the  first  half  of  the  fermentation 
2  at.  dextro-glucose  disappear  for  every  1  at.  laevo-rotatory  fruit- 
sugar,  whereas  during  the  second  half  of  the  fermentation,  2  at. 
Isevo-glucose  are  decomposed  for  every  1  at.  dextro-rotatory  grape- 
sugar.  (Dubrunfaut,  N.  Ann.  Chim.  Phys.  21,  169 ;  Compt.  rend. 
42,  904.)  This  behaviour  of  inverse  sugar  is  designated  by  Dubrun- 
faut as  Fermentation  alcooUque  elective. 

So,  according  to  Dubrunfaut.  According  to  Soubeiran  {N.  J.  Pharm. 
4,  347)  the  solution  of  inverse  sugar  continues  to  exhibit  laevo-rotatory 
power  during  the  whole  of  the  fermentation,  this  power,  however, 
becoming  weaker  as  the  sugar  is  decomposed.  More  recently  {N.  J. 
Pharm.  16,  259),  Soubeiran  describes  the  following  experiment : 
Cane-sugar  completely  inverted  by  oxalic  acid  and  freed  from  that  acid 
by  addition  of  marble,  exhibited  when  dissolved  in  water,  18°  of  Isevo- 
rotation  for  35*1  p.  c.  of  inverse  sugar  in  the  solution.  In  the  course 
of  the  fermentation,  the  l^evo-rotation  rose  to  25°,  at  which  point  the 
solution  contained  21*3  p.  c.  inverse  sugar,  then  sank  to  10°,  when  the 
sugar  was  reduced  to  11*5  p.  c.  On  Dubrunfaut's  view,  this  and  the 
following  statements  are  uninteUigible.  (Kr.)  The  colourless  inactive 
sugar  obtained  by  heating  cane-sugar  with  a  little  water  to  160°,  does 
not  deflect  the  plane  of  polarisation  at  any  time  during  its  fermentation, 
but  during  the  fermentation  of  fruit-sugar  (inverse  sugar  is  probably  intended, 
inasmuch   as    Mitscherlich  was   not  acquainted   with    pure   Isevo-rotatory   fruit-sugar) 

the  rotatory  power  of  the  liquid  decreases  in  proportion  as  the  sugar 
is  decomposed,  though  it  does  not  actually  change  from  left  to  right. 
(Mitscherlich,  Berl.  ATcad  Ber.  1843;  Pogg.  59,  94;  N.  J.  Pharm. 
4,  216).  When  dextro-glucose  is  mixed  with  inverse  sugar,  these 
two  kinds  of  sugar  disappear  during  fermentation,  simultaneously  and 
in  equal  proportion,  so  that  the  cessation  of  the  fermentation  does  not 
coincide  with  the  disappearance  of  the  inverse  sugar.  (Dubrunfaut). 
In  fermenting  honey,  the  leevo-rotatory  power  increases  at  first,  in 
consequence  of  the  inversion  of  the  cane-sugar  present ;  afterwards 
the  fermentation  proceeds  like  that  of  inverse  sugar.  But  towards  the 
end  of  the  process,  dextro-rotation]^appears  again,  so  that  the  sugar, 
which  disappears  at  last,  appears  to  be  a  peculiar  kind  of  dextro-rota- 
tory sugar.  (Dubrunfaut.) 
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S.  In  vinous  fermentation,  the  greater  part  of  the  sugar  is  resolved 
into  alcohol  and  carbonic  acid  : 

C12H12012  =  2C4HC02  +  4C02, 

a  smaller  portion,  not  exceeding  4  or  5  per  cent.,  being  converted  into 
glycerin,  succinic  acid,  and  carbonic  acid.  The  yeast  itself  takes  up  a 
portion  of  the  elements  of  the  sugar,  varying  from  1  to  1-J  per  cent, 
of  the  whole,  according  to  its  quantity,  in  the  form  of  cellulose  and  fat 
(Pasteur,  JSf.  Ann.  Chim.  Phjs.  58,  330  ;  Preliminary  Notice,  Compt.  rend, 
46,  179,  and  857). —  On  the  formation  of  cellulose  from  sugar  during  fermentation, 
see  TtrveW  {Bull.  Soc.  Chim.  Paris,  1861,  109),  and  Pasteur's  remarks  (/iz<7.  111.) 
For  the  formation  of  succinic  acid  and  glycerin,  Pasteur  gives  the 
equation : 

49C12H12012  +  60HO  =  12CSH603  +  72CCH806  +  GOCO^. 

Lavoisier  found  the  sum  of  the  weights  of  the  carbonic  acid  and 
alcohol  nearly  equal  to  the  weight  of  the  sugar  employed.  Gay- 
Lussac  (Ajin.  Chim.  95,  318)  calculated  therefrom  that  100  pts.  cane- 
sugar  should  yield  51'34  pts.  alcohol  and  48*66  carbonic  acid.  Dumas 
&  BouUa}^  (Ann.  Chim.  Phys.  37,  45)  showed  that  cane-sugar  must 
take  up  an  atom  of  water,  before  it  can  resolve  itself  into  alcohol  and 
carbonic  acid.  The  acid  present  in  vinous  fermentation  was  regarded  by 
Lavoisier  and  Thenard  as  acetic  acid,  by  others  as  lactic  acid.  But 
the  formation  of  lactic  acid  takes  place  only  when  its  peculiar  ferment 
is  present,  not  during  the  fermentation  excited  by  beer-yeast 
(Pasteur).  The  occurrence  of  succinic  acid  was  formerly  observed  in 
the  fermentation  of  honey,  bread,  and  Siliqua  dulcis,  by  Beissenhirtz 
(Berl.  Jahrh.  1818,  158),  of  pea-flour  with  casein,  by  Dessaignes  ;  in 
fermenting  sugar-solution  by  Schmidt  (Lieh.  Kopp.  Jahresher.  1847-8, 
466);  in  the  fermentation  of  sugar  with  madder-ferment  by 
Schunck  {J.  pr.  Chem.  63,  222).  But  Pasteur  first  showed  that 
succinic  acid  is  an  essential  and  constant  product  of  vinous  fermenta- 
tion, after  Guerin-Varry  {Ann.  Chim.  Phys.  60,  58)  had  pointed  out 
that,  in  the  fermentation  of  cane-sugar,  3*6  per  cent,  of  the  sugar  is 
lost  for  the  formation  of  alcohol  and  carbonic  acid,  because  other  pro- 
ducts are  likewise  formed. 

100  pts.  of  cane-sugar  brought  in  contact  with  a  quantity  of 
yeast,  which  would  have  weighed  1-2  pts.  in  the  dry  state,  yielded 
0*673  pts.  succinic  acid,  and  3*64  pts.  glycerin.  Part  of  the  yeast  was 
converted  into  soluble  (acid)  substances  ;  but  the  weight  of  the  yeast 
recovered  from  the  fermented  liquid  was  greater  than  that  of  the 
yeast  originally  employed,  because  it  had  assimilated  the  elements  of 
the  sugar.  The  soluble  matter  is  a  product  of  the  decomposition  of 
the  yeast,  and  is  formed  in  greater  abundance  in  proportion  as  a 
larger  quantity  of  yeast  has  been  employed.  The  substance  taken  up 
by  the  yeast  amounts  to  between  1  and  1^  per  cent,  of  the  sugar,  if 
the  fermentation  is  set  up  by  adding  to  the  sugar- solution  albu- 
minous substances  and  only  so  much  yeast  as  is  required  for  regular 
fermentation  ;  it  is  contained  in  the  yeast  chiefly  as  fat  and  cellulose, 
and  is  produced  in  larger  quantity  when  the  sugar  is  in  excess 
(Pasteur). 

Glycerin  and  succinic  acid  are  produced  by  the  yeast  itself,  not  by 
any  pecuUar  ferment  (such  as  the  lactous  acid  ferment).  Both  these  bodies, 
as  well  as  the  carbonic  acid,  are  products  of  the  decomposition  of  the 
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SUg-ar,  not  of  the  yeast  [it  should  perhaps  be  :  their  formation  is  a  result  of  the 
vitality  of  the  yeast,  not  of  the  decomposition  of  dying  yeast  (Kr.)].  They  are 
always  produced,  whatever  may  be  the  temperature  of  the  fermenting 
hquid,  the  atmospheric  pressure,  or  the  weight  and  variety  of  the  sugar 
employed, — by  old  as  well  as  by  newly  formed  yeast,  in  acid  as  well  as 
in  neutral  liquids,  but  more  abundantly  in  the  latter ;  in  larger  quantity 
also  when  the  fermentation  is  comparatively  slow.  Their  absolute 
quantity  is  variable ;  but  their  weights  arc  for  the  most  part  in 
definite  relation  to  one  another  (Pasteur). 

When  yeast  is  heated  with  solution  of  sugar  to  100°,  just  after  the 
fermentation  has  commenced,  an  abundant  and  continuous  evolution 
of  carbonic  acid  takes  place,  according  to  Quevenne  {J.  Pharm.  27,  603), 
and  at  the  same  time  there  is  formed  from  the  sugar,  not  alcohol,  but 
a  peculiar,  uncrj^stalhsable  and  non-fermentable  substance.  According 
to  Berthelot,  the  carbonic  acid  evolved  on  heating  is  merely  that  which 
has  been  previously  formed  by  the  vinous  fermentation,  and  the 
amount  of  sugar  decomposed  does  not  exceed  that  which  corresponds 
to  the  carbonic  acid.  {N.  Ann.  Chim.  Phys.  52,  362.) 

Besides  common  alcohol,  there  are  produced,  during  fermentation, 
small  quantities  of  other  alcohols  especially  hutylic  alcohol  (C^H^^O^), 
amylic  alcohol  (C^^H^-0^),  and  others,  but  no  methylic  alcohol.  On  the 
formation  of  these  bodies,  see  Maumene  {Compt.  rend.  45,  1021) ;  Wurtz  (iV.  Ann. 
Chim.  Phys.  42,  129.) 

The  carbonic  acid  which  escapes  in  fermentation  is  not  mixed  with 
any  other  gas.  (Thenard).  — Pasteur  found  r^f^r^  nitrogen,  not  proceeding 
fi'omthe  yeast.  So  likewise  Berthelot  {N.  Ann.  Chim.  Phys.  52,  362).  It  is  quite 
free  from  hydrosulphuric  acid.  (Schlossberger,  Ann.  Pharm.  51,  203.) 
The  bubbles  of  carbonic  acid  are  never  evolved  from  the  yeast-cells,  but  always  from 
particles  of  foreign  bodies  present  in  the  liquid.     (Pasteur.) 

The  gum,  extractive  matter  and  malic  acid  (Proust),  the  dextrin 
(Ventzke,  J.  pi\  Chem.  25,  81)  contained  in  fermenting  liquids,  are  not 
altered  by  the  fermentation. 

Lactous  Fermentation.  See  x,  76,  and  xi,  473.  In  the  preparation  of 
of  lactic  acid  (xi,  475),  the  precipitate  formed  on  the  bottom  and  sides 
of  the  vessel  from  the  chalk  and  the  decomposition-products  of  the 
cheese  is  found,  at  the  end  of  the  fermentation,  to  be  covered  with  a 
small  quantity  of  a  grey  substance,  the  lactous  ferment.  When  this 
substance  is  introduced  into  a  cooled  and  clear-filtered  decoction  of 
beer-yeast,  together  with  from  15  to  20  pts.  of  water,  chalk,  and  a 
quantity  of  sugar  equal  to  from  -^-^  to  -^^  of  the  liquid,  and  this  liquid 
is  kept  at  a  temperature  of  30°  to  35°  for  some  days,  a  brisk  evolution 
of  carbonic  acid  and  hydrogen  takes  jDlace,  the  liquid  becomes 
turbid  and  deposits  a  precipitate,  and  the  chalk  dissolves  in  the  form 
of  lactate  of  lime.  The  new  (and  already  pure)  lactous  ferment 
separated  at  this  stage  of  the  process,  if  introduced,  together  with 
chalk,  into  sugar -water,  produces  within  an  hour,  an  incipient  evolu- 
tion of  gas  and  conversion  of  the  sugar  into  lactate  of  Hme.  (Pasteur, 
JSr.  Ann.  Chim.  Phys.  52,  404.) 

As  yeast  is  necessary  to  vinous  fermentation,  so  likewise  does 
lactous  fermentation  require  the  presence  of  a  peculiar  substance,  the 
lactous  ferment  (Blondeau,  Pasteur).     This  ferment,  according  to  Blon- 
deau,  is  the  Penicillium  glaucum.     When  lactous  fermentation  is  set  upj 
in  suitable  sugar- solutions  merely  left  to  themselves,  it  is  because! 
certain  bodies  present  in  the  air  develop,  in  the  liquid,  into  cells  ofj 
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lactous  ferment,  which  then  set  up  the  fermentation.  If,  therefore, 
the  air  is  excluded,  or  if  only  heated  air  has  access  to  the  Hquid,  no 
lactous  fermentation  will  take  place  unless  lactous  ferment  is  added 
(Pasteur). 

Lactous  ferment,  viewed  in  the  mass,  resembles  beer-yeast ;  it  is 
grey,  slightly  glutinous,  and  appears,  under  the  microscope,  to  con- 
sist of  very  small  spherules  of  -^^^^  mm.  diameter,  some  isolated,  others 
united  in  groups,  and  possessing  molecular  motion  (Pasteur).  The 
cells  of  Penicillium  glaucum  have,  at  most,  a  diameter  of  ^^  mm. ;  they 
increase  at  lirst,  like  the  cells  of  yeast,  by  formation  of  new  round 
cells,  but  afterwards  by  formation  of  elongated  and  many-branched 
cells,  which  ultimately  cover  the  surface  like  a  white  mould  (Blondeau). 
A  small  quantity  of  lactous  ferment  is  capable  of  decomposing  a 
large  quantity  of  sugar,  provided  the  liquid  is  kept  neutral  by  chalk, 
otherwise  its  action  on  the  sugar  is  retarded  by  the  free  acid.  It 
increases  if  nitrogenous  matter,  which  may  serve  to  nourish  it,  is  like- 
wise present.  By  desiccation  or  by  boiling  with  water,  its  action  is 
weakened,  but  not  altogether  prevented.  It  acts  best  on  sugar  when 
air  is  excluded,  inasmuch  as  the  action  is  then  not  interfered  with, 
cither  by  the  formation  of  mould  or  by  infusoria.  If  no  other  ferment 
is  present,  the  lactous  fermentation  goes  on  regularly,  and  often  more 
quickly  than  vinous  fermentation  (Pasteur). 

In  solutions  of  cane-sugar  containing  phosphoric  acid  and  ammo- 
niacal  salts,  Penicillium  glaucum  can  grow  and  convert  all  the  sugar 
into  lactic  acid  (Pasteur,  Compt.  rend,  51,  298). 

Previous  to  lactous  fermentation,  the  hquid  always  becomes  vis- 
cous, in  consequence  of  the  development  of  Penicillium  glaucum,  whose 
ramifications  fill  the  liquid  to  such  an  extent  that  it  does  net  run  out 
when  the  vessel  is  inverted.  If  this  plant  can  develop  itself  in  sugar- 
solutions,  lactous  fermentation  ensues  whether  the  liquid  is  acid  or 
alkaline.  If  the  liquid  also  contains  albuminous  substances,  these 
yield  ammonia  and  carbonic  acid  for  the  development  of  the  Penicillium^ 
and  are  partially  converted  into  butyric  acid,  while  part  of  the  sugar 
is  transformed  into  mannite  (Blondeau,  JSf.  J.  Pharm.  12,  257). 

The  spontaneously  developed  fermentation  of  saccharine  juices  con- 
taining nitrogen,  is  sometimes  lactous,  sometimes  vinous,  most  frequently 
both  together.  — If  yeast  (as  is  generally  the  case)  contains  the  cells  of 
Penicillium  glaucum,  as  well  as  those  of  Torvula  cerevisiw,  vinous  fermen- 
tation takes  place  first,  then  lactous  fermentation,  at  the  expense  of  still 
unaltered  sugar.  (Blondeau.)  When  sugar- solutions  are  brought  into 
the  state  of  lactous  fermentation  by  cheese  (or  other  nitrogenous  sub- 
stances) the  lactic  acid,  formed  after  a  while,  prevents  the  further  action 
of  the  ferment,  but  after  repeated  addition  of  bicarbonate  of  soda 
(Boutron  &  Fremy),  or  chalk  (Pelouze  &  Gehs),  the  whole  of  the  sugar  is 
converted  into  lactic  acid.  —  SHghtly  alkahne  liquids  are  best  adapted 
for  the  development  of  lactous  ferment,  neutral  liquids  for  the  develop- 
ment of  yeast.  (Pasteur.)  The  kind  of  fermentation,  vinous  or  lactous, 
excited  in  sugar-solutions  by  a  nitrogenous  substance  depends  upon 
the  stage  of  decomposition  at  which  that  substance  has  arrived. 
(Boutron  &  Fremy.) 

Sugar-solutions  undergo  lactous  fermentation  in  contact  with 
various  membranes,  especially  calf's  rennet  (Fremy,  Compt.  rend.  8, 
96,  and  9,  165  ;  see  also  Gay-Lussac,  Compt.  rend.  9,  46),  with  diastase 
altered  by  exposure  to  the  air— with  the  previously  altered  nitrogenous 
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substance  of  beet-juice  —  with  decomposing  animal  bladder  —  with 
whey.  (Boutron  &  Fremy,  iV.  Ann.  Chini.  Phys.  2,  256  ;  Blondeau.)  — 
When  urine,  mixed  with  sugar,  is  left  to  itself,  Penicilliwn  glaucum 
becomes  developed,  and  lactic  acid  is  produced.     (Blondeau.) 

The  soluble  parts  of  glutin  and  casein,  as  well  as  the  nitrogenous 
liquid  which  remains  after  vinous  fermentation,  are  peculiarly  well  adapted 
for  the  development  of  lactous  ferment ;  consequently,  when  these 
liquids  are  mixed  with  sugar  and  exposed  to  the  ah,  ferment  is  formed 
in  them,  even  if  yeast  is  added,  the  two  ferments  then  exerting  their 
specific  actions  side  by  side  (Pasteur)  ;  see  also  Mucous  Fermentation,  p.  280. 
The  solution  of  sugar  in  whey  becomes  so  viscid  in  a  few  days,  as 
not  to  run  out  when  the  vessel  is  inverted.  Each  drop  of  the  hquid 
then  exhibits  under  the  microscope  a  large  number  of  individual  cells, 
and  of  intergrown  shoots,  which  when  developed  rise  to  the  surface 
and  there  fructify,  so  that  the  liquid  becomes  covered  with  a  layer  of 
mould.  The  mass  which  has  then  again  become  fluid,  contains  acetic, 
lactic,  or  butyric  acid,  according  to  the  species  of  plant  which  has 
been  developed  in  it.  —  If  carbonate  of  ammonia  has  been  added  to 
the  saccharine  whey,  no  peuicillium  cells  are  formed  in  it,  or  only  very 
few. 

A  mixture  of  4  pts.  sugar,  2  pts.  chalk,  3  pts.  cheese,  and  20  pts. 
water  exposed  to  a  temperature  between  20°  and  25°,  gives  off,  within 
the  first  8  days,  carbonic  acid  mixed  with  a  very  small  quantity  of 
hydrogen.  In  open  vessels,  the  surface  becomes  covered  with  a  layer 
of  mould  containmg  a  large  number  of  cells  of  Penicillium  glaucum ;  the 
liquid  becomes  acid,  viscous,  and  ropy,  and  the  casein,  in  combination 
with  the  chalk,  falls  to  the  bottom.  In  the  further  progress  of  the 
fermentation,  hydrog-en  is  evolved  as  well  as  carbonic  acid,  the  casein 
is  converted  into  butyric  acid,  the  sugar  either  into  lactic  and  acetic 
acids,  or  into  mannite.     (Blondeau,  N,  J.  Pliarm.  12,  340.) 

Also  when  the  decoction  of  yeast,  unmixed  with  cells  of  lactous 
ferment,  is  set  aside  Avith  sugar  and  chalk,  lactous  fermentation  sets 
in  after  contact  with  the  air  for  a  short  time,  generally,  however, 
accompanied  by  another  kind  of  fermentation  (Pasteur).  See  Mucous 
Fermentation. 

In  liquids  containing  sugar,  yeast-ash,  and  tartrate  of  ammonia 
(p.  269),  infusoria  and  cells  of  lactous  ferment  are  produced  in  contact 
with  the  air,  even  when  small  quantities  of  yeast  are  added.  After  a 
few  days,  the  infusoria  disappear,  while  the  lactous  ferment  increases, 
and  often  remains  as  the  only  active  ferment.  When  carbonate  of 
lime  is  added  to  sugar- water  containing  small  quantities  of  ammonia- 
salts  and  phosphates,  and  the  liquid  is  exposed  to  the  air,  it  begins, 
after  24  hours,  to  show  turbidity  and  give  off  gas ;  the  fermentation 
which  ensues  in  the  following  days  causes  the  ammonia  to  disappear, 
the  carbonate  of  lime  and  the  phosphates  to  dissolve,  and  produces 
lactate  of  lime  and  lactous  ferment,  which  latter  is  usually  mixed  with 
infusoria  (Pasteur,  Compt.  rend.  48,  337). 

The  fermentation  observed  by  J.  Gay-Lussac  &  Pelouze  {Ann. 
Chim.  Phys.  52,  411)  in  kept  beet- juice,  and  by  Fourcroy  &  Vauquehn 
in  kept  onion-juice,  appears  to  have  been  partly  lactous,  partly  mucous 
fermentation. 

Sugar  may  be  converted,  by  lactous  fermentation,  into  lactic  acid, 
without  yielding  other  products  of  decomposition  (Boutron). 

Sugar  in  the  state  of  lactous  fermentation  may  be  converted  into 
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lactic  acid,  without  yielding  other  products  (Boutron  &  Fremy).  The 
alcohol,  gum,  and  mannite,  which  are  sometimes  produced  in  lactous 
fermentation,  occur  only  when  yeast  or  mucous  ferment  is  mixed  with 
the  lactous  ferment.  (Pasteur.)  The  butyric  acid  is  a  product  of  the 
further  decomposition  of  the  lactic  acid  (x,  76).  —  Occasionally,  sugar 
yields,  under  the  influence  of  animal  membranes,  an  acid  different 
from  lactic  acid  and  forming  a  lime-salt  soluble  in  alcohol.  (Boutron 
&  Fremy.  See  also  Berthelot,  JV.  A7in.  Chim.  Phys.  50,  359.)  —  Fremy  assumed 
that  the  sugar  was  transformed,  first  mto  mannite,  then  into  lactic  acid. 

When  inverse  sugar,  formed  from  cane-sugar  by  the  action  of 
acids,  is  submitted  to  lactous  fermentation,  the  Isevo-rotatory  power 
of  the  liquid  is  increased  by  \  and  then  remains  constant  without 
further  fermentation  occurring.  This  increase  of  rotatory  power, 
compared  with  the  quantity  of  lactic  acid  that  is  formed,  proves 
that  only  the  dextro-glucose  has  been  converted  into  lactic  acid, 
while  the  Igevo-glucose  has  remained  unaltered  (Dubrunfaut,  iV^.  Ann. 
Chim.  Phys.  21,  175).  Dubrunfaut  himself  does  not  consider  his 
experiment  conclusive ;  according  to  other  statements,  including- 
those  of  Pasteur  {Compt.  rend.  51,  298),  the  whole  of  the  sugar  dis- 
appears in  the  lactous  fermentation. 

The  lactous  fermentation  of  sugar  may  be  replaced,  under 
apparently  similar  circumstances,  by  a  conversion  of  the  sugar  into 
acetic  acid.  500  grms.  sugar  dissolved  in  a  litre  of  water,  and  set 
aside  for  a  month,  in  contact  with  300  grms.  cheese,  without  access  of 
air,  and  at  a  temperature  of  20°,  did  not  give  off  any  gas,  but  formed 
a  thick  crust  of  mould  and  a  large  quantity  of  acetic  acid.  This 
transformation  takes  place  under  the  influence  of  Torvula  aceti. 
(Blondeau,  N.  J.  Fharm.  12,  336.) 

The  molasses  loft  in  the  manufacture  of  beet-sugar,  if  rich  in  nitrates, 
sometimes  gives  off  nitrous  acid  during  vinous  fermentation,  accord- 
ing to  Pasteur  {Bull.  Soc.  Chim.  Paris,  11  Mar.  1859 ;  Kopp's  Jahresher. 
1859,  553),  only  when  it  undergoes  vinous  and  lactous  fermentation  at 
the  same  time.  The  nitrates  are  here  reduced  by  the  hydrogen 
evolved  in  the  formation  of  lactic  (more  correctly,  of  butyric)  acid. 

Aqueous  sugar- solutions  set  aside  for  weeks  or  months  at  40°  or 
a  lower  temperature  in  contact  with  chalk  and  cheese  (glue  or  other 
nitrogenous  substances)  undergo  a  fermentation  different  from  the 
vinous,  and  not  depending  on  the  presence  of  yeast.  In  this  fermenta- 
tion, both  the  nitrogenous  substance  and  the  sugar  are  destroyed,  car- 
bonic acid,  nitrogen  and  hydrogen  escape,  and  alcohol,  lactate  of  lime 
and  butyrate  of  hme  are  produced  (Berthelot,  N.  Ann.  Chim.  Phys. 
50,  351). 

Berthelot  hkewise  designates  this  reaction  as  Fermentation  alcoolique, 
whereas  Pasteur  {N.  Ann.  Chim.  Phys.  58,  324)  regards  it  as  lactous 
fermentation.  — 10  grms.  cane-sugar,  120  grms.  water,  10  grms. 
chalk,  and  2  grms.  cheese,  yielded  at  40°  in  six  weeks,  1*2  grm  alcohol, 
together  with  lactate  of  lime,  ferment,  and  3  grms.  of  unaltered  sugar. 
— 170  grms.  cane-sugar,  2  litres  of  water,  200  grms.  chalk  and  200 
grms.  cheese,  at  a  temperature  near  0°,  yielded  in  five  weeks,  10 
grms.  alcohol,  together  with  lactate  of  lime  and  a  small  quantity  of 
butyrate.  In  this  reaction,  neither  mannite  nor  fat  was  formed. 
Yeast  was  not  produced,  if  the  process  was  conducted  out  of  contact 
with  ah,  or  in  an  atmosphere  of  carbonic  acid ;  nevertheless  alcohol 
was  obtained  even  under  these  circumstances.    Compare   the  correspond- 
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ing  experiments  of  Berthelot,   under    Glucose,  Mannite,  Dulcite.  Sorbite~!xnd  Milk- 
sugar. 

0.  Mucous  Fermentation.  —  This  is  another  kind  of  fermentation 
which  cane-sugar  undergoes,  likewise  under  the  influence  of  nitrogenous 
substances  and  in  contact  with  aii',  but  under  circumstances  otherwise 
not  exactly  known, — giving  rise  to  the  escape  of  carbonic  acid  and 
hydrogen,  and  the  formation  of  mannite,  a  pecuUar  gum  and  a 
mucilaginous  substance. 

The  mucous  fermentation  of  sugar  takes  place  (like  vinous  and 
lactous  fermentation)  under  the  influence  of  a  peculiar  mucous  ferment. 
This  ferment  is  composed  of  spherules  from  0*0012  to  0*0014  mm. 
diameter,  and  when  introduced  into  sugar- solutions  containing  albumin 
causes  the  sugar  to  be  resolved  into  mannite,  gum,  and  carbonic  acid, 
100  pts.  cane-sugar  yield,  on  the  average,  51*09  pts.  mannite  and  45*5 
pts>.  gum,  corresponding  to  the  equation  : 

25Ci2H"0"  +  13H0  =  12C12H10O10  +  12Ci2H"Oi2  +  1200=. 

When  a  larger  proportion  of  gum  is  obtained,  the  liquid  is  observed 
to  contain  larger  spherules,  probably  belonging  to  a  peculiar  mucous 
ferment  (Pasteur,  Bull.  Soc.  Chim.  Paris.  1861,  30). 

Mucous  fermentation  requires  access  of  air  and  likewise  tlie 
presence  of  nitrogenous  matter ;  but  the  latter  is  capable  of  exciting 
mucous  fermentation  even  after  boihng.  In  this  reaction,  neither 
acid  nor  alcohol  is  produced.  (Hochstetter.)  Mucous  fermentation  is 
prevented  by  sulphuric  acid,  hydrochloric  acid,  or  alum  (Desfosses),  by 
free  mineral  acids  (Hochstetter,  J.  pr.  Chem.  29,  30). 

Syrup  of  cane-sugar  which  had  been  poured  at  the  boiling  heat 
into  bottles  in  Martinique,  the  bottles  being  filled  with  it,  underwent 
mucous  fermentation  on  being  transported  to  France  and  poured  out 
into  open  vessels.  (Peligot.)  —  Fresh  beet-juice  becomes  gummy  by 
contact  with  air,  and  then  contains  mannite,  gum,  lactic  acid,  and  un- 
crystaUisable  sugar.  These  changes  take  place  with  greater  faciHty 
when  fermenting  beet- juice  is  added  to  the  fresh  juice,  even  when  the 
greater  part  of  the  nitrogenous  matter  has  been  removed  by  lime,  and 
whether  the  quantity  of  free  alkali  present  is  great  or  small.  Alcoholic 
fermentation  sometimes  sets  in,  if  the  acid  is  neutralised  (Hochstetter). 
—  When  carrot-juice  is  left  to  itself  between  30°  and  40°,  the  cane- 
sugar  which  it  contains  is  converted  into  glucose,  mannite,  lactic  acid, 
and  a  gum  isomeric  with  gum-arabic  (Tilloy  &  Maclagan). 

The  expressed  juice  of  mangold-wurzel  begins  to  ferment  in  3  J  days, 
and  the  fermentation  is  complete  in  2J  days.  From  the  solution, 
clarified  and  evaporated  to  a  syrup,  alcohol  of  80  p.  c.  precipitates  a 
glutinous  mucus,  and  the  filtrate  yields  crystals  of  mannite.  If  the 
mucus  be  washed  with  alcohol,  its  aqueous  solution  precipitated  with 
basic  acetate  of  lead,  the  washed  precipitate  decomposed  under  water 
by  hydrosulphuric  acid,  and  the  filtrate  evaporated  to  dryness,  a 
transparent,  slightly  coloured  gum  is  obtained,  containing  40*89  p.  c. 
carbon,  6*10  hydrogen  and  53*01  oxygen  (Kircher,  Ann.  Pharm.  31, 
337). 

The  juice  of  the  sugar-cane  contains  a  white  non-azotised  (?)  sub- 
stance, which  becomes  brown  and  moist  in  contact  with  the  air,  is  soft 
and  difficult  to  dry,  soluble  in  water,  insoluble  in  alcohol  and  ether,  and 
is  precipitated  from  its  aqueous  solution  by  oxide  of  lead,  mercurous 
salts,  and  alcohol.     It  converts  sugar  into  a  substance  intermediate 
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between  starch  and  glutin,  this  substance  being  formed  quickly  and 
somewhat  abundantly  in  syrups,  and  rendering  them  viscid,  ductile, 
and  unciystalhsable.  If,  therefore,  the  juice,  after  being  treated  with 
lime,  is  left  to  stand  for  48  hours,  a  jelly  is  produced,  from  which  alcohol 
throws  down  a  soft,  white,  nacreous  precipitate,  which  dries  up  to  a 
nacreous  mass,  dissolves  but  sparingly  in  hot  or  cold  water,  even  when 
moist,  but  swells  up  in  it  to  a  transparent  mass,  and  when  treated  with 
nitric  acid,  yields  nothing  but  oxalic  acid.  This  mass  is  not  coloured 
by  iodine,  or  converted  into  sugar  by  dilute  acids,  and  does  not  give 
off  ammonia  on  dry  distillation.  It  is  found  abundantly  at  the  bottom 
of  the  vats  in  which  molasses  is  left  to  ferment  for  the  preparation  of 
rum.     (Plagne,  J.  Pliarm.  26,  248.) 

Lemonade  containing  sugar,  volatile  oil,  citric  acid,  and  condensed 
carbonic  acid,  loses  its  fluidity  and  becomes  gummy  by  long  keeping, 
especially  in  winter.  If  the  gummy  hquid  be  precipitated  by  alcohol,  and 
the  precipitate,  which  is  friable  when  dry,  be  washed  with  alcohol,  there 
remains,  after  drying  at  100°,  a  viscid,  semi-transparent,  horny  mass, 
while  the  alcohol  takes  up  a  brown,  uncrystalhsable  sugar.  This  mass 
recovers  its  former  appearance,  when  cold  water  is  poured  upon  it,  and 
forms  with  boiling  water,  a  giun  which  is  difficult  to  filter,  is  not  coloured 
by  iodine,  does  not  reduce  potassio-cupric  tartrate  or  precipitate  basic 
acetate  of  lead,  and  yields  oxalic  acid  with  nitric  acid.  This  gum  con- 
tains 1-37  p.  c.  ash,  and  after  deduction  of  this  ash,  it  contains,  on  the 
average,  43*56  p.  c.  C,  6*47  H.,  and  49-97  0.,  the  lead-compound  con- 
tains55-80  p.  c.  PbO.,  19-31 C,  2*70  II.,  and 22-100.  (Tilloy &  Maclagan.) 
When  yeast  is  well  washed  with  cold  water,  then  boiled  with  water, 
and  -^^  pt.  sugar  dissolved  in  the  filtrate,  the  liquid,  after  a  few  days, 
becomes  turbid  and  tenacious,  like  decoction  of  hnseed.  At  the  same 
time,  a  mixture  of  carbonic  acid  and  carbonic  oxide  in  varying  propor- 
tions is  evolved.  This  fermentation  lasts  about  12  days,  for  a  shorter 
time  between  20°  and  25°  ;  it  takes  place  also  out  of  contact  with  air, 
and  is  excited  even  by  yeast  which  has  been  boiled  out  with  water. 
(Desfosses,  J.  Pharra.  15,  602  ;  N,  Trs.  21,  1,  159  ;  Schw.  58,  98.)  Under 
similar  circumstances,  lactous  fermentation  may  likewise  take  place 
(comp.  p.  277,  278). — On  Mucous  Fermentation,  see  also  Vauquelin  {Ann.  Chim. 
Phys.  20,  93). 

Water  boiled  with  glutin  produces  in  cane-sugar  solution  the  same 
change  as  decoction  of  yeast.  In  contact  with  sugar-solution  for 
24  hours  at  25°,  it  gives  off  a  smaller  quantity  of  gas  than  the^decoction 
of  yeast,  and  renders  the  Uquid  gummy.  The  gaseous  mixture  con- 
tains hydrogen  in  larger  proportion  to  the  carbonic  acid  than  that  which 
is  evolved  by  decoction  of  yeast.  After  the  completion  of  the  mucous 
fermentation,  the  liquid  is  still  very  sweet,  but  so  thick  that  it  runs 
out  in  threads  when  the  vessel  is  inverted;  when  evaporated,  it  leaves 
a  non-crystalhsable  residue,  and  on  treating  this  with  alcohol,  a 
sacchariferous  gum  remains  undissolved.  If  the  remainder  of  the 
sugar  be  extracted  from  the  gum  by  fermentation  with  yeast,  there 
arc  obtained,  for  every  100  pts.  of  sugar  decomposed  by  the  mucous 
fermentation,  109-48  pts.  of  a  pale  yellow  insipid  gum,  which  yields 
scarcely  any  mucic  acid  when  treated  with  nitric  acid,  is  less  soluble 
in  water  than  gum-arabic,  and  yields  a  thicker  mucilage  than  the 
latter.    (Desfosses.) 

In  the  preparation  of  lactic  acid  by  Bensch's  process  (xi.  475),  there 
is  obtained,  together  with  mannite,  a  considerable  quantity  of  a  gum, 
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which,  when  the  fermentation  is  complete,  and  the  lactate  of  lime  has 
been  removed,  may  be  obtained  in  a  state  of  purity  from  the  mother- 
liquor.  This  liquid  is  precipitated  with  sulphuric  acid  ;  the  gypsum  is 
removed ;  the  filtrate  is  mixed  with  alcohol ;  and  the  precipitate  is 
purified  by  repeated  solution  in  water  containing  hydrochloric  acid, 
and  precipitation  with  alcohol.  —  It  contains  43*61  p.  c.  carbon,  6*25 
hydrogen,  and  50*14  oxygen,  turns  the  plane  of  polarisation  to  the 
right,  reacts  like  arable  acid  (p.  204)  with  cupric  sulphate  in  alkaline 
solution,  but  does  not  yield  mucic  acid  with  nitric  acid.  (BrUning 
Ann.  Pharm.  104.  197.) 

Combinations. —  With  Water. — Cane  sugar  dissolves  in  \  of  its  weight 
of  water  at  mean  temperatures,  and  in  all  proportions  in  boiHng  water. 
From  a  solution  containing  5  pts.  sugar  to  1  pt.  water,  |^  of  the  sugar 
crystalUses  on  cooling.  (Henry,  J.  Fharm.  27,  8.)  When  20  grms.  of 
cane-sugar  are  dissolved  in  100  cub.  centims.  of  water,  the  temperature 
falls  half  a  degree.  (Dubrunfaut,  Com2'>t.  rend.  23,  42.)  When  0*56 
kilog.  cane-sugar  is  dissolved  in  1*1  litre  of  water  at  16*62°,  the  tem- 
perature falls  to  15*5°.  (Pohl,  J.  pr.  Cheni.  82,  154.)  A  concentrated 
solution,  or  syrup,  of  sugar  is  viscid,  glutinous  and  ropy.  On  the  expan- 
sion of  sugar-solutions  when  heated,  see  Gerlach  {Kopp's  Jahresher.  1859,  48).  —  The 
specific  gravity  of  cane-sugar  solutions  of  definite  percentage  has  been  determined  by 
Brandes  &  Reich  {Br.  Arch.  22,  70);  Niemann  {Ami.  Pharm.  2,  341),  Payen 
{Dumas'  Traite  de  Chimie  appliquee,  6,  256;  Gerhardt's  Traite,  2,  516);  Brix 
{Dingl.  136,  214);  'BdXMng  {Gdhrungschemie,  Prag  1845,  1,  117,  and  Suppl.  81),  and 
Steinheil  {Gehaltsprobe  fiir  Biere,  Munchen,  1847).  The  most  important  of  these 
tables,  calculated  by  Pohl,  are  given  in  Wien.  Akad.  Ber.  11,  652  a.nd  Handworterbuch 
der  Chemie  7,  4. 

Percentage  of  Cane-sugar  in  Aqueom  Solutions  of  different  densities. 
(Extracted  from  the  Tables  of  Balling  and  Brix). 

Cane-sugar  Sp.  gr.  Cane-sugar  Sp.  gr. 

per  cent,  at  17 '5°.  per  cent.  at  17*5°. 

1  1*0040  50  1*2165 

5  1*0200  55  1*2610 

10  1'0404  60  1*2900 

15  1*0614  66  1*3190 

20  1*0832  70  1*3507 

25  1*1059  75  1*3824 

30  1*1295  80  1*4159 

35  1*1540  85  1*4499 

40  1*1794  90  1*4849 

45  1-2057  95  1*5209 

99  1*5504 

When  a  solution  of  cane-sugar  saturated  at  common  temperatures 
is  mixed  with  an  equal  volume  of  oil  of  vitriol,  a  stormy  reaction  sets 
in,  heat  is  evolved,  and  the  hquid  froths  up,  giving  off  choking  vapours 
of  formic  acid.  Left  to  itself,  it  soon  solidifies  to  a  black  humus-like 
mass,  which,  when  mixed  with  10  or  20  times  its  volume  of  water,  gives 
a  very  strongly  fluorescent  hquid ;  the  fluorescence  is  not  destroyed 
by  boihng,  but  immediately  by  neutralisation  with  bases.  The  solution 
contains  an  acid  whose  baryta-salt  dries  to  a  resinous  mass  (Simler, 
Chem.  Centr.  1862,  378). 
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With  Bases.  —  Sucrate  of  Ammonia.  —  20  parts  of  pulverised  sugar 
gradually  absorb  1  pt.  of  ammonia-gas  and  form  a  dense  tenacious 
mass,  which  smells  of  ammonia  and  gives  it  off  on  exposure  to  the  air. 
(Berzelius.) 

Sucrate  of  Potash.  —  An  alcoholic  solution  of  cane-sugar  is  precipi- 
tated with  strong  potash-ley ;  the  semifluid  precipitate  is  triturated 
with  fresh  alcohol,  which  renders  it  compact,  and  dried  in  vacuo,  or  in 
air  free  from  carbonic  acid.  (Soubeiran.)  White,  friable  translucent 
mass,  shining  on  the  fractured  surface,  melting  at  100°  to  a  viscid 
liquid,  and  having  an  alkaline,  not  sweet  taste.  (Brendecke.)  According 
to  Brendecke,  it  contains  12-6  p.  c.  potash,  and  consists  of  C^H2"02°,KO 
(C24H2i02i,KO  =  12-41  p.  c.  KO).  Soubeiran  gives  the  same  formula  ;  Dubrunfaut 
{Compt.  rend.  32,  498)  gives  C-^H-^O^^, KO.  It  turns  brown  when  heated 
to  110°,  and  swells  up  strongly  when  heated.  It  is  completely  decom- 
posed by  a  stream  of  carbonic  acid,  partially  by  air  containing  carbonic 
acid.  —  When  its  aqueous  solution  is  exposed  to  the  electric  current, 
it  gives  off  hydrogen  at  the  negative  pole,  while  an  aqueous  solution  of 
carbonate  of  potash  is  formed  at  the  positive  pole.  (Becquerel,  Ann. 
Chim.  Phys.  47,  5.)  —  It  is  not  decomposed  by  aqueous  boracic  acid  at 
mean  temperatures.  (Michaelis.)  It  is  insoluble  in  pure  alcohol,  but 
dissolves  in  alcohol  containing  sugar.  (Brendecke.)  —  A  solution 
of  cane-sugar  loses  13  per  cent,  of  its  rotatory  power  on  addition  of 
1  at.  potash,  but  no  more  when  a  larger  quantity  of  potash  is  added ; 
hence  there  is  probably  but  one  definite  compound  of  cane-sugar  and 
potash.   (Dubrunfaut,  see  also  Michaehs,  J.  pr.  Chem.  56,  411.) 

Sucrate  of  Soda.  —  Obtained  like  the  potash-compound,  and  ex- 
hibits similar  reactions.  (Brendecke,  Becquerel,  Dubininfaut.)  Con- 
tains 7"38  p.  c.  soda  (Soubeiran),  8*2  p.  c.  (Brendecke).  According 
to  Soubeiran,  it  is  C^^H^oQ^^jNaO.    (C^-'H^iO^i.NaO  =  8-52  p.  c.  NaO.) 

Compound  of  Cane-sugar  with  Chloride  of  Sodium.— On  mixing  the 
solutions  of  1  pt.  common  salt  and  4  pts.  sugar,  and  leaving  the  liquid 
to  evaporate,  cane-sugar  crystallises  out  first,  and  the  mother-Uquors, 
on  further  evaporation,  yield  this  compound. —  Small,  sharp-edged 
crystals  having  a  sweet  and  saHne  taste,  dehquescing  in  the  air. 
(Peligot,  Ann.  Chim.  Phys.  67,  113.)  In  combination  with  common 
salt,  cane-sugar  retains  its  rotatory  power  unaltered.  (Biot,  Compt. 
rend.  15,  635.) 

Belongs  to  the  doubly  oblique  prismatic  system,  perhaps  diclino- 
hedral.  The  colourless  crystals  with  rough,  imperfectly  reflecting 
faces  are  formed  {fig.  125,  without  y  and  g)  from  the  two  perpen- 
dicular dodecaidal  faces  v  and  u  whose  edges  are  truncated  by  the 
hexaidal  faces  (back  and  front),  and  x  (right  and  left).  The  8- sided 
prism  thus  formed  is  terminated  above  by  a  dihedral  summit  formed 
by  the  right  dodecaidal  face  k  and  the  left  h.  x  :  z  ■=  103°  31'  calc,  = 
103°  41'  obs. ;  u:x=z  136°  15'  calc,  =  136°  17'  obs. ;  w  :  ^  =  147°  16' 
calc,  =  147°  35'  obs.;  v.  x  —  116°  14';  v.  z  ==  140°  15';  k  :  x  = 
129°4'obs.;  /j:  A  above  =  101°  52' calc,  =  102°  26' obs.;  k:z  =  m°  2' 
calc,  =  97°  55'  obs.  -,  k -.  u  =  137°  26'  calc,  =  137°  7'  obs.;  k  :  v 
behind  =  73°  2'  calc  ;  A  :  ^  =  81°  58'  obs. ;  /^  :  ?/  =  62°  34';  h  :  a 
=  106°  35'  calc     (Weiss,  Wien.  Akad.  Per.  37,  376.) 
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...  100-0     .... 

1000 

So,  according  to  Peligot.  Graham  splits  the  formula  into  Ci2H"0"  +  OHVoqw^ 
NaCl.  According  to  Gerhardt  (rraeYe  2,  534),  it  is  C-'^H-O^^.NaCl ;  according  to 
Blondeau  de  Carolles,  C24H20O20,NaCl,3HO. 

Cane-sugar  with  Borax. — Aqueous  borax  dissolves  more  cane-sugar 
than  pure  water.  When  a  solution  of  cane-sugar  saturated  with  borax 
is  evaporated,  borax  crystallises  out  ;  and  weak  alcohol  added  to 
the  inother-hquor,  throws  down  a  glutinous  liquid,  which,  after  repeated 
solution  in  a  small  quantity  of  water  and  preciptation  with  alcohol, 
contains  3  at.  cane-sugar  to  1  at.  borax.  The  same  compound, 
NaO,  2B0»,  SHO  +  SCi^ff^O".'  is  obtained  by  dissolving  the  constituents 
in  water  and  evaporating.  (Sturenberg,  N.  Br.  Arch.  18,  27.) 

Sucrate  of  Baryta. — Mono-acid.  — Obtained  by  the  action  of  hydrate 
of  baryta  or  monosulphide  of  barium  on  solution  of  cane-sugar,  in  the 
latter  case  with  formation  of  sulphydrate  of  barium— or  by  the  action 
of  sulphide  of  barium  on  sucrate  of  soda,  with  formation  of  sulphydrate 
of  sodium  (Dubrunfaut,  Compt.  rend.  32,  498).  —  Baryta-water  is 
heated  to  boiling  with  cane-sugar,  the  solution  left  to  crystallise,  and 
the  crystals  dried  out  of  contact  with  the  air  (Brendecke,  Peligot). 
The  solution  of  1  pt.  baryta  in  3  pts.  water  sohdifies,  when  mixed  with 
a  50  per  cent,  solution  of  cane-sugar,  to  a  crystalhne  pulp,  which  does 
not  redissolve  when  heated  (Peligot).  —  Small  nacreous  crystals 
(Brendecke),  resembling  boracic  acid,  of  caustic  taste  and  alkahne  re- 
action (Peligot).  —  The  rotatory  power  of  cane-sugar  is  not  altered  by 
baryta-water  (Dubrunfaut). 

The  compound,  after  drying  in  vacuo,  does  not  give  off  any  water 
at  200°.  (Peligot.)  It  is  decomposed  by  carbonic  acid,  with  separa- 
tion of  anhydrous  carbonate  of  baryta  (Pelouze.  Ann.  Chim.  Phijs.  48, 
307).  — It  dissolves  in  47*6  pts.  of  water  at  15°  ;  in  43-5  pts.  water  at 
100°  (Pehgot,  N.  Ann.  Chim.  Phys.  54,  379).  Insoluble  in  wood- 
spirit  and  in  alcohol. 
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So,  according  to  Peligot,  Pelouze,  and  Soubeiran.  Compare  Stein  {Ann,  Pharm. 
30,  82  ;  Peligot  N.  J.  Pharm.  2,  103). 

Biacid?  —  From  the  solution  of  cane-sugar  in  saturated  baiyta- 
water,  alcohol  throws  down  a  precipitate  containing  18*5  p.  c.  baryta. 
(Brendecke.)  This  precipitate  contains  cane-sugar  in  a  state  of 
mixture  (Soubeiran). 

Sucrate  of  Strontia.  —  The  solution  of  equal  quantities  of  sugar  and 
strontia  is  pale  yellow,  has  a  caustic  taste,  and  on  cooling  yields 
crystals  which  effloresce  in  the  air  from  absorption  of  carbonic  acid 
(Ramsey,  Schw.  35,  488).     Cane-sugar  in  combination  with  strontia 
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retains  its  rotatory  power   unaltered  (Dubrunfaut).  —  Carbonic  acid 
separates  from  the  solution  anhydrous  carbonate  of  strontia  (Pelouze). 

Sucrate  of  Lime.  —  Lime  dissolves  in  sugar- water  (with  evolution 
of  heat,  according  to  Peligot)  in  much  larger  quantity  than  in  pure 
water  (Lowitz).  The  quantity  of  lime  which  an  aqueous  sugar- 
solution  is  capable  of  taking  up  depends  upon  its  density  (Peligot, 
Berthelot)  and  temperature  (Dubrunfaut). 

100  pts.  cane-sugar  dissolved  in  water  dissolve  55*6  pts.  lime 
(Osann),  50  (Ure),  49-6  (Daniell),  29  to  30-6  (Hunton),  23  pts.  forming 
f -sucrate  of  lime  (Soubeiran).  The  sugar-solution  at  100°  takes  up 
^  at.  lime  to  1  at.  sugar ;  at  0°,  if  it  contains  not  less  than  25  p.  c. 
sugar,  it  takes  up  2  at.  lime  to  1  at.  sugar.  (Dubrunfaut.)  On  the 
solubility  of  lime  in  sugar- solutions,  Peligot  formerly  founded  a  mode  of  estimation  of 
sugar  {Compt.  rend.  22,  936). 

When  a  solution  of  sugar  is  agitated  with  excess  of  lime,  complete 
saturation  takes  place  but  slowly,  after  repeated  agitation,  and  only 
when  the  quantity  of  lime  present  is  at  least  twice  as  great  as  that 
which  the  solution  can  take  up.  Solutions  containing  more  than  30 
p.  c.  sugar  become  gummy  and  then  sohdify ;  those  which  exhibit  a 
density  of  35°  Bm.  immediately  form  a  sparing'ly  soluble  compound, 
not  separable  from  the  excess  of  lime.  With  somewhat  more  dilute 
solutions,  monosucrate  of  lime  is  always  formed,  but  this  compound  is 
capable  of  taking  up  an  additional  quantity  of  lime  greater  in  propor- 
tion to  the  concentration  of  the  solution.  Sugar-solutions  of  40  per 
cent,  take  up  26*57  pts.  Hme  to  100  pts.  sugar ;  solutions  of  20  per 
cent,  only  23*15  pts.  and  solutions  of  5  per  cent,  only  18*06  j)ts., 
therefore  more  than  1*5  at.  lime  ^exactly  1*62  at.)  to  1  at.  sugar,  the 
monobasic  sucrate  of  lime  formed  in  the  first  instance  being  partially 
converted  into  bibasic  sucrate.  (Peligot.)  Soubeiran  supposes 
the  solutions  to  contain  -f-sucrate,  Berthelot  f-sucrate  of  lime 
(3C^2HiiO",4CaO). 

More  dilute  sugar-solutions  containing  not  more  than  2*4  p.  c. 
sugar,  dissolve  less  lime ;  moreover  they  dissolve  a  constant  quantity 
which  (after  deducting  the  lime  which  the  water  itself  dissolves) 
amounts  to  12*6  pts.  lime  for  100  pts.  sugar,  corresponding  apparently 
to  the  formulae  3C^2jjiiO",4CaO,  requiring  10*91  p.  c.  lime.   (Berthelot.) 

See  Peligot's  Table  of  the  solubility  of  lime  in  sugar-water  {Compt.  rend.  32,  335  ;  N. 
Ann.  Chim.Phys.  54,  383);  Berthelot's  Table  (iV.  Ann.  (Jhim.  Phys.  46,  176). 

The  aqueous  solution  of  sucrate  of  lime  tastes  bitter  and  alkaline 
but  scarcely  sweet.  Its  rotatory  power  is  less  than  that  of  the  sugar 
contained  in  it  by  13  p.  c.  if  1  at.  lime,  by  26  p.  c.  if  2  at.  lime  have 
been  added  to  1  at.  sugar  (Dubrunfaut).  On  neutralising  the  solution 
with  an  acid,  it  recovers  its  rotatory  power,  even  if  it  has  previously 
been  heated  to  117*5°,  but  not  if  it  has  been  heated  to  119°.  The 
presence  of  ferric  oxide  in  the  solution  has  no  influence  on  these 
results.  (Michaelis,  /.  pr.  Chem.  56,  422).  —  The  solution  solidifies 
to  a  thick  paste  when  heated,  a  large  quantity  of  lime  separating 
in  combination  with  a  small  quantity  of  sugar  (terbasic  sucrate 
according  to  Pehgot),  and  becomes  clear  again  on  cooling  (Osann, 
Gilb.  69,  292 ;  Kastn.  Arch.  3,  204).  Part  of  the  lime  then  remains 
dissolved,  together  with  the  greater  part  of  the  sugar  (Osann),  but  the 
quantity  of  the  latter  retained  in  solution  depends  on  the  pro- 
portion of  lime  and  sugar  originally  present,  amounting  to  f  of  the 
original  quantity,  if  the  heated  solution  contained  the  monosucrate,  and 
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to  half  the  original  quantity  if  it  contained  the  sesquibasic  sucrate. 
(PeHgot.)  Dilute  solutions  of  sucrate  of  lime  become  turbid  at  80°, 
concentrated  solutions  at  100°  ;  in  highly  concentrated  solutions  no 
precipitate  is  formed  (Dubrunf aut).  —  When  solutions  containing  -J  at. 
lime  to  2  at.  sugar  are  boiled  continuously,  no  decomposition  of  the 
sugar  takes  place,  not  even  such  as  would  result  from  the  boihng  of 
its  aqueous  solution.  (Dubrunfaut.)  —  When  a  cold-prepared  solution 
of  sucrate  of  lime  has  been  decomposed  by  carbonic  acid,  no  altered 
sugar  can  be  detected  in  it  by  solution  of  copper ;  even  if  it  has  been 
boiled  over  the  open  fire  for  two  hours,  or  till  the  boiling  point  has 
risen  to  120°  and  the  mass  thickens  and  begins  to  char,  the  unburnt 
portion  when  treated  with  carbonic  acid,  still  yields  unaltered  sugar. 
(Hochstetter  J.  pr.  Chem.  29,  26.)  The  decomposition  of  sugar-solu- 
tions by  boiling  is  retarded  by  the  addition  of  chalk  or  of  a  small 
quantity  of  sucrate  of  lime,  and  does  not  take  place  at  all  in  the  boiling 
of  saturated  solutions  of  sucrate  of  lime.  If  however  inverse  sugar 
has  been  previously  formed,  this  sugar  is  quickly  decomposed  by 
boiling  (Soubeiran).  —  When  solutions  of  sucrate  of  lime  are  evapo- 
rated there  remains  a  colourless  or  pale  yellow,  translucent,  viscid 
mass,  which  becomes  friable  when  quite  diy. 

The  solution  of  sucrate  of  lime,  which  remains  unaltered  if  kept 
from  contact  with  the  air  (p  261),  deposits  crystals  of  penta-hydrated 
carbonate  of  lime  when  exposed  to  the  action  of  carbonic  acid  (or  to 
the  electric  current,  according  to  Becquerel,  A7in.  Chim.  Phys.  47,  1), 
without  (in  the  first  case)  any  alteration  of  the  sugar.  (Pelouze, 
Brendecke.)  Solutions  of  sucrate  of  Hme  become  turbid  on  exposure 
to  the  air,  only  when  they  are  dilute.  (Kuhlmann,  Dubrunfaut.) 
From  the  alcoholic  solution,  air  containing  carbonic  acid  throws  down 
anhydrous  carbonate  of  lime.  (Brendecke.)  —  When  carbonic  acid  is 
passed  into  a  solution  of  monosucrate  of  lime,  the  hquid  does  not  become 
turbid  till  the  first  third  of  the  lime  has  been  converted  into  carbonate  ; 
if  the  stream  of  carbonic  acid  be  still  kept  up,  the  hquid  sohdifies  to  a 
jelly,  the  second  third  of  the  lime  being  then  converted  into  carbonate, 
while  the  last  third  remains  in  solution  as  sucrate  of  hme,  together 
with  traces  of  carbonate.  (Dubrunfaut.)  According  to  Brendecke,  the 
whole  of  the  lime  may  be  precipitated  as  carbonate.  Lowitz  {Crell.  Ann.  1792, 
1,346).  Daniell  {Ann.  Chim.  Phys.  10,  221^.  Ramsey  {ScJiw.  35,  48S.—Bibl. 
univ.  July,  1808).  Franz  Meyer  {Repert.  7,  256),  Brendecke  {N.  Br.  Arch.  29, 
75).  Soubeiran  {N.  J.  Pharm.  1,  469  ;  J.  pr.  Chem.  26,  498  ;  Ann.  Pharm.  43,  223). 
Dubrunfaut  (Compt.  rend.  32,  498).  Peligot  (Ann.  Chim.  Phys.  67,  113  ;  Berz. 
Jahresber.  19,  447),  &c. 

a.  Terhaslc  Sucrate  of  Lime.  —  Separates  on  heating  the  aqueous 
solution  of  monosucrate  of  hme,  or  on  heating  a  sugar- solution  agitated 
with  excess  of  hydrate  of  lime  and  filtered,  as  an  opaque  mass  resem- 
bling coagulated  white  of  egg^  and  is  obtained  by  filtering  the  solution 
at  the  boiling  heat,  washing  with  hot  water  and  drying  at  110°  in  air 
free  from  carbonic  acid.  —  It  dissolves  in  more  than  100  pts,  of  cold 
water,  the  solution  when  heated  depositing  half  the  quantity  dissolved. 
It  dissolves  readily  in  sugar-water.  (Pehgot,  N.  Ann.  Chim.  Phys. 
54,  379.) 

Daniell.  Peligot. 

Ci2H"0" 171  ....  67-06 

3  CaO 84  ....  32-94  33-52  32-90 

Ci2H"O",3Ca0  255  ....  100-00 
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b.  Bibasic.  —  Syrup  of  cane-sugar  is  digested  with  excess  of 
hydrate  of  Hme,  the  filtrate  is  precipitated  with  alcohol,  and  the  pre- 
cipitate is  washed  with  alcohol  and  dried  at  100°.  (Hunton,  Phil.  Mag. 
[3],  11,  152;  J.  pr.  Chem.  11,  409;  Berz.  Jahresher.  18,  321.) 

Hunton. 

Ci2H"0"    171     ....     69-79 

2CaO 56     ....     22-86     ....  22-65 

2HO  18     ....       7-35 

Ci2H"0",2(CaO,HO)  245     ....  100-00 

c.  Sesquihasic.  ?  —  This  compound  is  always  formed  when  a  solution 
of  sugar  is  boiled  or  set  aside  at  common  temperatures,  with  excess  of 
lime,  and  is  obtained  as  a  white  amorphous  gum  by  evaporating  the 
filtrate  out  of  contact  with  carbonic  acid.  (Soubeiran.)  Brendecke 
moistens  a  mixture  of  equal  parts  of  quicklime  and  cane-sugar  with 

1  pt.  water,  dissolves  the  resinous  mass,  which  forms  with  rise  of 
temperature,  in  cold  water,  and  precipitates  with  alcohol,  which  throws 
down  curdy  flocks,  or  from  concentrated  solutions,  tenacious  clots. 
These  are  washed  with  alcohol  and  dried  over  oil  of  vitriol.  Sou- 
beiran uses  2  pts.  of  quicklime  to  13  pts.  of  sugar. 

Transparent,  brittle  resin,  or  granular,  white,  friable  mass.  Has  a 
calcareous  taste  (Brendecke),  nauseous  (Soubeiran),  and  an  alkaline 
reaction.  —  When  very  dry,  it  deflagrates  quickly  like  gunpowder,  on 
being  heated.  (Brendecke.)  —  It  dissolves  readily  in  cold  water,  sepa-v 
rating  out  when  heated  (doubtless  as  terbasic  sucrate).  It  is  insolu- 
ble in  strong  and  in  weak  alcohol  (Brendecke),  but  dissolves  in  an 
alcoholic  solution  of  sugar.     (Soubeiran.) 

Soubeiran.     Brendecke. 
at  100*.  mean. 

24  C.-. 144     ....     33-80     33-47 

22  H    22     ....       516     5-16 

22  O    176     ....     41-32     41-27 

3  CaO    84     ....     19-72     20-10     ....     IS'S; 

2Ci2H"0",3CaO     ....  425     ....  100-00     100-00 

So,  according  to  Soubeiran  ;  according  to  Peligot,  it  is  a  mixture  of  bi-  and  mono- 
basic sucrates  of  lime. 

d.  Monobasic.  —  1.  Solution  of  sugar  is  agitated  with  excess  of 
hydrate  of  hme,  filtered,  and  the  filtrate  is  mixed  with  an  additional 
quantity  of  sugar  and  precipitated  with  alcohol.  —  2.  A  eoncentrated 
solution  of  sugar  is  added  by  small  portions  to  milk  of  lime  till  the 
whole  of  the  lime  is  dissolved,  and  the  solution  is  precipitated  with 
alcohol  of  85  per  cent.     (Brendecke.)     Soubeiran  uses  in  this  case  also 

2  pts.  quicklime  to  13  pts.  sugar.  —  White  precipitate,  becoming  a 
1)rittle  resin  when  dry.  Deflagrates  after  drying,  like  tinder.  (Bren- 
decke.)—  Dissolves  easily,  even  after  drying,  in  cold  water  (Bren- 
decke), and  the  solution  when  heated  deposits  terbasic  sucrate  of  lime, 
— two-thirds  of  the  sugar  then  remaining  in  solution,— and  becomes 
quite  clear  again  on  cooling : 

3(Ci2H"0",CaO)  =  Ci2H"0",3CaO  +  2C'2H"0"  (Peligot). 

The  precipitate  disappears  on  adding  cane-sugar,  glucose,  milk-sugar,  or 
mannite  to  the  hot  Hquid.  (Brendecke.)  Aqueous  monobasic  sucrate  of 
lime  is  capable  of  taking  up  a  larger  quantity  of  lime,  being  thereby 
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converted  into  sesquibasic  sucrate  (Soubeiran),  partially  into  bibasic 
siicrate.     (Peligot.)    vid.  sup. 

Soubeii-an.        Peligot.         Brendecke. 
mean. 

12  C 72     ....     36-18     36-38 

11  H 11     ....       5-52     5-48 

11  0 88     ....     44-22     43-74 

CaO 28     ....     14-08     14-40     ....     14-00     14-3 

Ci2H"0",CaO      ........  199     ....  lOO'OO     100-00 

The  presence  of  sugar  promotes  the  absorption  of  sulphuretted  hydrogen  by  milk  of 
lime  and  the  formation  of  sulphj/drate  of  calcium  (Dubrunfaut). 

Sucrate  of  lime  dissolves  carbonate  of  lime  (Barreswil,  Compt.  rend. 
32,  469 ;  J.  pr.  Chem.  53,  62  ;  Dubrunfaut),  only  in  traces.  (Hoch- 
stetter,  J.  pr.  Chem.  29,  28.)  Solution  of  sucrate  of  lime  gives  no  pre- 
cipitate when  mixed  with  chloride  of  calcium  and  carbonate  of  soda, 
but  on  adding  a  small  quantity  of  sal-ammoniac  the  precipitate 
forms  immediately.  (Barreswil.)  —  Aqueous  sucrate  of  lime  dissolves 
terhasic  phosphate  of  lime,  either  in  the  pulverised  or  recently  precipi- 
tated state,  the  latter  more  abundantly.  (Vasmer,  N.  Br.  Arch.  24, 
144 ;  Bobierre,  Compt.  rend.  32,  859 ;  J.  pr.  Chem.  53,  508.)  —  Accord- 
ing to  Larrey  {Gaz.  medico  di  Milano,  Nr.  10,  1844)  teeth  immersed 
in  a  saturated  solution  of  sugar  become  soft  and  gelatinous  ;  but 
Marchand  {J.  pr.  Chem.  40,  371)  found  teeth  and  bones  unsoftened 
after  lying  in  sugar- water  for  14  days,  the  solution  not  containing  a 
larger  quantity  of  lime-salts  than  would  have  been  dissolved  by  pure 
water.     See  also  Heumann  {Repert.  92,  321). 

Sucrate  of  Magnesia.  —  The  solution  of  magnesia  in  sugar- water  is 
colourless  and  has  a  sweet  taste;  when  kept  in  close  vessels  it  deposits 
nearly  all  the  magnesia  in  the  course  of  a  few  months. 

Hydrate  of  Alumina  is  very  shghtly  soluble  in  sugar- water 
(Ramsey).  —  Aqueous  cane-sugar  does  not  dissolve  silicic  acid  either  in 
the  amorphous  or  in  the  crystalline  state.  (Petzholdt,  J.  pr.  Chem. 
60,  368.)  —  Cane-sugar  prevents  the  precipitation  of  manganous  salts 
by  potash-ley,  the  solution  depositing  peroxide  of  manganese  when 
exposed  to  the  air.  (Lassaigne.)  An  aqueous  solution  of  sugar  does 
not  dissolve  sesquioxide  of  manganese  (Peschier)  or  the  peroxide.  It 
does  not  dissolve  poivder  of  algaroth,  and  takes  up  only  a  small  quantity 
of  antimonic  acid.  (Peschier.)  It  attacks  metallic  zinc  when  in 
contact  with  iron,  but  dissolves  only  inconsiderable  quantities  of  pure 
zinc  or  tin  (Gladstone,  Chem.  Soc.  Qu.  J.  7,  195).  —  Oxide  of  zinc  does 
not  dissolve  in  sugar-water  (Peschier). 

Sucrate  of  Lead.  —  Lead  is  attacked  by  cane-sugar  solution  in  three 
days  in  warm  weather,  in  a  few  hours  at  the  boiling  heat  (Gladstone, 
Chem.  Soc.  Qu.  J.  7,  195  ;  J.  pr.  Chem.  64,  192).  — Litharge  dissolves 
in  sugar-solution  only  when  very  finely  pulverised;  red  lead  more 
abundantly  (Peschier,  J.  Pharm.  3,  510).  Protoxide  of  lead  forms  with 
sugar  an  insoluble  and  a  soluble  [compound  (Berzelius).  The  latter  is 
perhaps  to  be  regarded  as  a  solution  of  sucrate  of  lead  in  sugar- water 
(Kr).  When  sugar  solutions  are  agitated  with  excess  of  lead-oxide, 
the  whole  of  the  sugar  is  precipitated  as  bibasic  sucrate  of  lead,  in 
crystalline  needles  (Dubrunfaut,  Compt.  rend.  32,  498). 

Bibasic.  —  1.  When  sugar- water  is  boiled  with  litharge  and  tlie 
filtrate  is  left  to  stand  for  24  hours  out  of  contact  with  the  air,  white 
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flocks  separate  from  it.  (A.  Vogel.)  —  2.  Lead-oxide  is  digested  with 
solution  of  sugar  in  a  closed  vessel,  as  long  as  sugar  is  taken  up  by  it 
(Berzelius,  Mulder).  —  3.  Aqueous  neutral  acetate  of  lead  is  mixed 
with  sugar-solution,  ammonia  is  added,  and  the  resulting  gelatinous 
precipitate  is  dissolved  in  boiling  water.  The  solution  left  to  itself  in  a 
close  vessel  deposits  nodules  which  may  be  dried  in  vacuo  or  over  lime 
(PeHgot).  —  4.  A  solution  of  mono-  or  sesquibasic  sucrate  of  lime  is 
added  to  aqueous  neutral  acetate  of  lead,  as  long-  as  the  precipitate, 
which  at  first  redissolves  on  agitation,  continues  to  increase. 
(Soubeiran).  —  5.  Sesquibasic  sucrate  of  hme  is  added  to  solution  of 
neutral  acetate  of  lead  till  the  precipitate  no  longer  disappears  after 
forming-,  and  the  liquid  is  precipitated  with  alcohol  (Soubeiran). 

Crystalline  needles  or  nodules,  or  white  tasteless  powder.  When 
heated,  it  burns  like  tinder  and  leaves  globules  of  lead.  Insoluble  in 
water  whether  cold  or  boiling,  easily  soluble  in  acids  and  in  solution  of 
acetate  of  lead.  —  If  precipitated  from  sugar-solutions  by  neutral 
acetate  of  lead  and  ammonia,  it  does  not  change  colour  when  heated 
(Schmidt,  Dissert,  uber  Trauhenzucker,  Getting.  1861). 

Peligot.  Mulder. 


12  C    

..     72     . 
...       9     . 
...     72     . 
...  224     . 

..     19-10 
..       2-38 
..     19-10 
..     59-42 

at  100°. 
...     19-1 
...       2-4 
....     19-2 
....     59-3 

at  100°. 
...     18-50 
...       2-69 
...     21-66 
...     57-15 

at  159*. 
19-14 

9  H    

2-50 

9  O    

.     19-17 

2PbO    

...     59-19 

Ci2H90^2PbO    . 

..  377     . 

..  100-00 

....  1000 

...  100-00 

...  100-00 

Contains  58'26  p.  c.  lead-oxide  (Berzelius) ;  when  prepared  according  to  4  or  5,  it 
contains  from  58'6  to  59*5  p.  o.  (Soubeiran).  Berzelius  first  assigned  to  it  tlic  formula 
C^-H^°0^o^2PbO ;  Peligot  that  above  given.  As  Peligot  originally  examined  the  com- 
pound dried  at  170'^,  Berzelius  (Berz.  Jahresber.  19,  443;  Compt.  rend.  8,  528)  sup- 
posed that  it  contained  sugar  already  altered  {caramel),  whereupon  Peligot  showed 
{Compt.  rend.  8,  530)  that  the  compound,  dried  at  100°,  likewise  possesses  the  above 
constitution,  and  contains  unaltered  sugar  which  may  be  recovered.  According  to 
Mulder  (/.j»r.  Chem.  19,  187),  the  compound  dried  at  100°  contains  C^-'HWOi",2PbO, 
and  does  not  become  anhydrous  till  heated  to  between  141°  and  143°,  giving  off  2*25 
p.  c.  of  its  weight,  and  becoming  somewhat  coloured. 

Cane-sugar  mixed  with  inverse  sugar  behaves  when  shaken  up 
with  oxide  of  lead,  in  the  same  manner  as  pure  cane-sugar,  a.  When 
200  pts.  of  lead-oxide  are  mixed  with  15  pts.  cane-sugar  and,  as  much 
water  as  is  required  to  make  up  the  mixture  to  300  cub.  cent.,  the, 
lead-oxide,  after  two  days'  standing-  and  agitation,  takes  up  the  whole 
of  the  sugar,  so  that  the  supernatant  water  contains  no  more  of  it.  — 
h.  If  the  same  mixture  contains  inverse  sugar  instead  of  cane-sugar, 
the  lead-oxide  does  not  take  up  more  than  -J^  of  the  sugar.  —  c.  If  the 
cane-sugar  in  a  is  converted,  to  the  amount  of  -^-^  or  more,  into 
inverse  sugar,  the  imaltered  portion  is  likewise  not  taken  up  by  the 
lead-oxide,  or  at  least  not  completely.  —  d.  If  the  mixture  contains 
both  kinds  of  sugar  and  less  lead-oxide  than  a,  the  inverse  sugar  is 
almost  wholly  taken  up,  the  cane-sugar  only  in  part.  In  200  cc.  of  a 
solution  containing  10*66  grms.  of  each  of  the  two  sugars,  and  left  for 
14  days  in  contact  with  100  grms.  of  lead-oxide,  0-14  grm.  inverse 
sugar  and  2-82  grms.  cane-sugar  still  remained  dissolved.  The  latter 
could  not  be  crystallised  after  the  removal  of  the  lead,  probably  in 
VOL.   xv^  u 
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consequence  of  the  admixture  of  glucic  and  apoglucic  acid  (Buignet, 
N.  Ann.  Chim.  Phys.  61,  233). 

Hydrated  oxide  of  lead  is  dissolved  by  the  sucrates  of  potash,  soda, 
baryta  and  lime  (Hunton). 

Cane-sugar  icith  Iron.  —  Ferrous  oxide  does  not  dissolve  in  sugar- 
water  (Peschier),  not  even  when  recently  precipitated  (Gladstone).  — 
Sugar- water  has  no  action  on  ferric  hydrate  (Gladstone) ;  it  dissolves 
a  small  quantity  of  ferric  oxide,  precipitable  by  sulphide  of  ammonium, 
but  not  by  ammonia,  or  by  ferrocyanide  of  potassium  (Peschier) ;  it 
reduces  ferric  oxide  to  a  slight  extent  when  boiled  with  it.  (Kuhlmann, 
Comj)t.  rend.  49,  257.)  —  Pieces  of  iron,  in  contact  with  air,  and  with 
solution  of  sugar  (especially  if  it  contains  salts)  are  rapidly  corroded, 
while  the  portions  wholly  immersed  in  the  liquid  remain  unaltered. 
The  red-brown  solution  formed  after  18  months'  standing,  leaves, 
when  evaporated  over  the  water-bath,  a  tasteless,  insoluble  residue 
corresponding  to  the  formula  FeOjC^'^Ii^O"  ;  it  is  insoluble  in  alcohol, 
is  precipitated  by  sulphide  of  ammonium,  but  not  by  the  pure  alkalis 
or  their  carbonates  (Gladstone,  Inst.  1854,85;  Lieh.  Kopp.  Jahresher. 
1853,  537.—  Che7n.  Soc.  Qu.J.  7,  195;  Lieh. Kopp.  Jahresher.  1854,  619). 

In  a  solution  of  sugar  mixed  with  ferrous  or  ferric  salts,  potash- 
ley  produces  a  precipitate  which  dissolves  in  excess  of  potash,  forming 
a  liquid  which  is  either  red-brown  at  first,  or  (in  the  case  of  ferrous 
salts)  becomes  so  by  contact  with  air  (Lassaigne,  Rose).  Aqueous 
solution  of'  sucrate  of  lune  (potash,  baryta,  or  strontia)  dissolves 
sesquioxide  of  iron,  converting  it  into  protoxide.  The  residue  left  after 
evaporation  and  drying  at  100°,  contains  18  p.  c.  CaO,  and  11*7  FeO, 
corresponding  to  the  formula  C'2Hiion,2CaO,FeO,3HO  (calc.  19-3  p.  c. 
CaO  12-4  FeO).  The  solution  left  in  contact  with  the  air,  soon  deposits 
crystals  of  carbonate  of  lime  and  ferrous  carbonate  :  it  is  precipitated 
by  alkaline  succinates  and  benzoates,  but  not  by  pure  alkalis  or  by 
ferrocyanide  of  potassium  (Hunton). 

Cane-sugar  with  Cupric  oxide. — (See  page  263.) — Sugar-solution  dis- 
solves perceptible  quantities  of  copper  when  left  in  contact  with  it  for 
some  weeks  in  hot  weather.  (Gladstone.)  —  It  does  not  dissolve  cupric 
hydrate,  except  in  presence  of  alkahs  or  alkaline  earths.  Cupric  car- 
bonate is  abundantly  dissolved  by  aqueous  solution  of  sugar,  the 
resulting  green  solution  being  precipitated  by  ferrocyanide  of  potas- 
sium and  sulphide  of  ammonium,  but  not  by  alkaline  carbonates. 
(Peschier,  J.  Pharm.  3,  510  ;  Bepert.  6,  85.)  —  A  mixture  of  the  concen- 
'trated  solutions  of  cane-sugar  and  cupric  sulphate,  deposits,  after 
standing  for  some  time,  a  bluish  white  precipitate  containing  1  at. 
sugar  (therefore  probably  C^^H"0")  to  1  at.  CuO,SO'  and  4  at.  water. 
This  compound  decomposes  when  its  solution  is  heated  with  separation 
of  cuprous  oxide  and  metalHc  copper.  When  gradually  heated  alone, 
it  gives  off  water  and  forms  a  humous  substance.  (Barreswil,  iV^  J. 
Pharm.  7,  29  ;  J.  pr.  Chem.  35,  253.) 

Sucrate  of  potash,  sucrate  of  baryta,  and  monosucrate  of  lime,  do 
not  of  themselves  dissolve  cupric  liydrate,  but  on  adding  more  sugar 
the  cupric  hydrate  dissolves  immediately,  forming  a  deep  blue  hquid. 
(Peligot.)  Recently  precipitated  cupric  hydrate  dissolves  abundantly 
in  sugar-solutions  mixed  with  potash,  soda  or  lime,  sparingly  in  such  as 
contain   baryta  or  strontia.    (Becquerel,  Ann.   Chim.  Phys.  47,  7.)  — 
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When  cupric  hydrate  in  excess  is  mixed  with  sugar- sohition  and  a 
small  quantity  of  potash,  the  filtrate,  which  has  a  fine  blue  colour, 
leaves,  on  evaporation  in  vacuo,  a  transparent  turpentine-like  mass, 
containing-  7-73  p.  c.  CuO,  8*83  KO,  and  83*44  sugar  and  water. 
(Lassaigne,  J.  Chim.  med,  18,  820;  Berz.  Jahresher.  23,  280.) — Aqueous 
bibasic  sucrate  of  lime  dissolves  cupric  hydrate,  forming  a  blue  hquid, 
which,  when  evaporated  in  vacuo,  leaves  a  crystalline  mass,  permanent 
in  the  air,  and  containing,  after  drying  at  100°,  16*3  p.  c.  lime  and 
22-3  CuO,  therefore  C^^jjuou  2GaO,2CuO,3HO  (calc.  16-7  CaO  and  23-9 
CuO).  Its  solution  heated  to  70°,  deposits  blue  flocks  which  redissolve 
completely  on  cooling.  A  similar  effect  takes  place  when  the  solution 
is  boiled  in  an  open,  shallow  vessel ;  but  it  decomposes,  with  separa- 
tion of  cuprous  oxide,  when  heated  once  or  twice  in  a  test-tube,  or 
after  addition  of  sugar.  (Ilunton,  J.  pr.  Chem.  11,  409.) 

Cane-sugar  solution  does  not  attack  metalhc  merciuy,  or  metallic 
silver.  (Gladstone.) 

Cane-sugar  dissolves  in  80  pts.  of  boiling  absolute  alcohol,  and 
separates  out  again  almost  completely  on  cooling  (Pfaff) ;  it  dissolves 
in  4  pts.  boiling  alcohol  of  sp.  gr.  about  0*83,  the  greater  part  sepa- 
rating on  cooling  (Wenzel) ;  in  still  weaker  alcohol,  sugar  dissolves 
more  abundantl}^,  but  not  to  so  large  an  amount  as  in  water.  —  Cane- 
sugar  is  precipitated  in  the  crystalline  form  from  its  alcoholic  solution 
by  ether.  (Dobereiner,  Ann.  Pharm  14,  249.) 

Aqueous  cane-sugar  dissolves  uric  acid,  which  separates  again  on 
addition  of  hydrochloric  acid.  (Vasmer,  N.  Br.  Arch.  24,  144.) 


Appendix  to  Cane-sugar. 

1.  Caramelane. 

(J12JJ909  or  G^W^O^K 

Gelis.  N.  Ann.  Chim.  Phys.  52,  360 ;  abstr.  Compt.  rend.  45,  590 ; 
N.  J.  Pharm.  32,  424  ;  Chem.  Centr.  1858,  1G3 ;  N.  Br.  Arch.  95,  68  ; 
Kopfs  Jahresher.  1857,  497. 

See  p.  248.  The  first  product  of  the  decomposition  of  cane-sugar  by  heat,  and 
almost  the  sole  constituent  of  the  residue,  if  the  loss  does  not  exceed  10  per  cent.  The 
chief  constituent  of  ordinary  caramel. 

To  prepare  it,  caramel  is  immersed  in  alcohol  of  84  per  cent.,  which 
dissolves  caramelane,  unaltered  sugar,  and  traces  of  caramelene,  leaving 
caramalene  and  caramehn  undissolved  ;  the  solution  is  evaporated ;  the 
unaltered  sugar  is  decomposed  by  fermentation  with  yeast ;  the  liquid 
is  filtered  and  evaporated  to  dryness;  the  residue  is  treated  with 
alcohol,  which  leaves  caramelene  undissolved ;  and  the  solution  is 
evaporated. 

■    Brown,  inodorous,  very  bitter  mass.     Hard  and  brittle  at  mean 
temperature,  semi-fluid  at  100°.  ' 


u  2 
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12  C    

at  120°. 
72     . 

..     47-06     ... 

..       5-88     ... 
..     47-06     ... 

G6Us. 
....     46-41 

9H    

9     . 

....       6-53 

9  0    

72     . 

....     47-06 

C12H909  .... 

153     . 

..  100-00     ... 

100-00 

Caramelane  heated  to  190°  gives  off  water  and  is  converted  into 
caramelene. — With  nitrio  acid,  it  forms  oxalic  acid.  —  From  an  aqueous 
solution  of  cupric  oxide  and  potash  it  throws  down  cuprous  oxide,  and 
from  gold  Qiidi  silver  salts,  it  tlirows  down  the  metals.  — Not  fermentable 
with  yeast. 

Deliquesces  in  moist  air,  and  dissolves  readily  in  water,  with  fine 
gold-yellow  colour.  —  The  aqueous  solution  does  not  precipitate 
metallic  salts. 

Barium-compound.  —  Precipitated  by  a  solution  of  baryta  in  wood- 
spirit  added  in  excess  to  alcohoUc  caramelane.  Contains  52*40  p.  c. 
baryta,  corresponding  to  the  formula  C^*H^O®,2BaO  (calc.  51*56  p.  c. 
BaO). 

Lead- compounds.  —  a.  Bihasic.  —  Ammoniacal  sugar  of  lead  added 
in  excess  to  alcoholic  caramelane  throws  down  a  precipitate  containing 
61  p.  c.  PbO,  therefore  C"H80«,2PbO  (calc.  60*76  p.  c.  PbO).— 
b.  Monobasic.  —  Separated  from  alcoholic  caramelane  by  alcoholic  sugar 
of  lead,  as  a  yellow  precipitate,  the  liquid  remaining  coloured ;  purified 
by  washing  with  alcohol. 

Gelis. 

12  C   72       ....     28-125     28-81 

8  H 8       ....       3-125     3-29 

8  0 64       ....     25-000     25-70 

PbO 111*7    ....     43-750     4220 

Ci2H808,PbO     ....  255-7    ....  100-000     100-00 

Caramelane  dissolves  in  weak  alcohol,  shghtly  in  absolute  alcohol, 
not  at  all  in  ether. 


2.  Caramelene. 

C^H*»0^. 
Gelis.     N.  Ann.  Chim.  Phys.  52,  365. 

Extracted  by  cold  water  from  the  residue  insoluble  in  alcohol 
obtained  in  the  preparation  of  caramelane  from  ordinary  caramel.  The 
solution  is  evaporated  or  precipitated  with  alcohol,  and  the  admixed 
caramelin,  which  remains  after  dissolving  in  water  and  filtering,  is 
removed.  —  If  the  loss  of  weight  of  the  cane-sugar  by  heating  amounts 
to  about  15  per  cent,  the  residue  is  rich  in  caramelene. 

Properties.  Red-brown,  hard,  brittle  mass,  shining  on  the  fractured 
siu-face.     Permanent  in  the  air. 


36  C  

25  H     ... 

CARAMELIN. 

at  110°. 

216     ....     48-98     ..., 

.  .     25     ...       5-66     ... 

Gelis. 

48-37 

6-17 

25  O  

200     ....     45-36     ... 

45-46 

C36H25025    .. 

441     ....  100-00     .... 

10000 
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According  to  Gelis,  it  is  SCiSH^OS  +  HO. 

With  nitric  acid,  it  forms  oxalic  acid.  —  It  dissolves  in  dilute  acids, 
the  solution  depositing  red-brown  flocks  slowly  in  the  cold,  quickly 
when  heated.  It  reduces  cupric  oxide  in  alkahne  solution,  also  nitrate 
of  silver. 

Dissolves  in  water,  with  deep  red-brown  colour. 

Barium-compound.  —  The  solution  of  caramelene  in  aqueous  alcohol 
is  mixed  with  excess  of  baryta- water,  or  a  mixture  of  aqueous  cara- 
melene with  baryta- water  is  precipitated  by  alcohol. 

Gelis. 

36  C  216-0  ....  42-46  41-01 

24  H  24-0  ....   4-76  5-80 

24  O  192-0  ....  37-76  37-51 

BaO  76-5  ....  15-02  15-68 

C36H24024,BaO  508-5     ....   100-00     100-00 

Lead-compound.  —  On  precipitating  a  :  Caramelene  mixed  with 
excess  of  ammonia  with  sugar  of  lead  ;  h :  Aqueous  caramelene  with 
ammoniacal  sugar  of  lead  ;  and  c :  A  mixture  of  aqueous  caramelene 
and  \  alcohol  with  excess  of  alcohohc  sugar  of  lead, — precipitates  arc 
formed  containing:  a,  61-8;  J,  52-5;  and  c,  20*8  p.  c.  lead-oxide, 
therefore  1,  4,  and  6  at.  lead-oxide  to  iy^W'Qi^K 

Caramelene  is  easily  soluble  in  aqueous  alcohol,  sparingly  in  abso- 
lute alcoholj  insoluble  in  ether. 


3.  Caramelin, 

C'^H"0". 
Gelis.     N.  Ann.  Chim.  Phys.  52,  271. 

Respecting  Maumene's  Caramelin,  seepage  262. — Contained  in  caramel,  especially 
when  the  loss  of  weight  of  the  cane-sugar  amounts  to  25  per  cent.  — Caramel,  after 

exhaustion  with  alcohol  of  84  p.  c.  and  with  cold  water  successively, 
consists  chiefly  of  caramehn.  This  substance  may  occur  in  three 
different  states,  viz.,  as  a-caramelin,  soluble  hi  water,  as  /3-caramelin, 
insoluble  in  water,  but  soluble  in  other  solvents,  and  as  7-caramelin 
insoluble  in  all  solvents.  —  a.  When  the  above-mentioned  residue  is 
boiled  out  with  water,  the  /3-caramelin  partly  dissolves  as  a-caramelin, 
so  that  the  solution  deposits  nothing  on  cooling,  but  yields  with  chlo- 
ride of  barium  a  precipitate  of  the  barium-compound  of  a-caramelin.  — 
/3.  The  solution  when  evaporated  deposits  black  shining  films  of 
/3-caramelin.  When  the  above-mentioned  residue  is  well  boiled  with 
aqueous   alkalis,  /3-caramelin  dissolves,  and   may  be   precipitated  in 
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brown  flocks  by  acids.  —  7.  When  /3-caramelin  is  heated  to  110",  or 
left  in  the  moist  state  for  several  days,  it  is  converted  into  7-caramelin. 
(Gelis.) 

a-Caramelin.  —  Known  only  in  aqueous  solution  and  in  combination 
with  baryta. 

Barium- compound  of  a-Caramelin,  —  Precipitated  from  aqueous  cara- 
melin  by  chloride  of  barium. 

Gelis. 
mean. 

96  C  576-0     ....     52-23     5120 

50  H 50-0     ....       4-53     5-14 

50  O  400-0  ....  36-29  36-28 

BaO  76--5  ....   6-95  7-38 

C96H5oo5o^BaO  1102-5     ....  100-00     100*00 

p-Caramelin.  Preparation  and  Properties,  see  above.  Infusible,  difficultly 
combustible  mass,  which  forms  oxalic  acid  with  nitric  acid,  throws 
down  cuprous  oxide  from  an  alkaline  solution  of  cupric  oxide,  reduces 
the  metals  from  gold  and  silver  salts,  and  precipitates  other  metalHc 
salts.  Soluble  in  aqueous  ammonia  and  in  the  fixed  alkalis.  Colours 
solutions  12  times  stronger  than  caramelane.  Soluble  in  aqueous,  but 
insoluble  in  absolute  alcohol. 

Barium-compound.  —  Precipitated  by  chloride  of  barium  from  ammo- 
niacal  yS-carameUn.  —  From  alcohohc  ^-caramelin  chloride  of  barium 
throws  down  a  precipitate  having  the  composition  of  the  barium-com- 
pound of  a-caramelin. 

G^lis. 

96  C 576     ....     48-85     48-35 

50  H .;: 50     ....       4-24     4*57 

50  0 400     ....     33-92     33-88 

2BaO 153     ....     12-99     13-20 

C26H50O50,2BaO  1179     ....  100-00     100-00 

From  aqueous  )3-caramelin,  aqueous  sugar  of  lead  throws  down  a 
precipitate  containuig  9*8  p.  c.  PbO,  corresponding  therefore  to  the 
formula  C^«H°«0^,PbO. 

7.  Caramelin.  See  page  293.  Insoluble  in  all  menstrua.  Forms 
oxalic  acid  with  nitric  acid. 


96  C     

576     . 

...     55-65     . 
...       4-92     . 
...     39-43     . 

Gelis. 

mean. 

..     55-08 

51  H    

51     . 

5-06 

51  0     

408     . 

...     39-86 

C96H51051       ... 

..  .  1035     . 

..  100-00     . 

..  100-00 
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4.  Nitrosaccharose. 


ScHONBEiN.     Pogg.  70,  100 ;  abstr.  Pharm.  Centr.  1847,  505. 

L.  Thompson.    '  J.   Chim.  med.  24,   433.  —  Pharm.  J.  Trans.  8,   465; 

i\^.  J.  Pharm.  15,  103 ;  J.  Chim.  med.  25,  69. 
II.  Reinsch.     Jahrh.  pr.  Pharm.  18,  102  ;  Pharm.  Centr.  1849,  506. 
A.  &  W.  Knop.     J.  pr.  Chem.  56,  334. 

NiirozucAer,  Niirorohrzucker,  Knallrohrzucker. 

Formation.  By  the  action  of  fuming  nitric  acid  (Sobrero,  Compt. 
rend.  24,  247),  of  nitrosulphuric  acid  (Schonbein,  Reinsch),  on  cane- 
sugar  (p.  258). 

Prepai^ation.  1.  One  pt.  pulverised  cane-sugar  is  added  to  a  mix- 
ture of  2  pts.  oil  of  vitriol  and  1  pt.  mono-hydrated  nitric  acid,  in 
which  it  at  first  remains  suspended  as  a  thin  transparent  pulp,  then,  if 
the  liquid  is  continually  stirred,  cakes  after  a  few  minutes  into  a  tena- 
cious lump.  This  is  washed  with  cold  water,  and  kneaded  in  warm 
water  till  it  no  longer  reddens  htmus.  (Schonbein.)  —  2.  One  pt.  pul- 
verised cane-sugar  is  stirred  up  with  a  mixture  of  16  pts.  oil  of  vitriol 
and  6  pts.  nitric  acid  of  sp.  gr.  1*5  cooled  to  15°  ;  the  pasty  mass, 
Avhich  separates  after  a  few  seconds,  is  washed  with  cold  water,  dis- 
solved in  alcohol,  precipitated  from  the  solution  with  excess  of  carbo- 
nate of  potash,  and  purified  by  solution  in  ether  and  evaporation. 
(Thomson.)  Thomson  also  uses  3  pts.  oil  of  vitriol  and  1  pt.  nitric 
acid  to  1  pt.  sugar,  allows  the  mixture  to  act  upon  the  sugar  for 
4  minutes,  then  washes  it,  and  boils  for  a  few  minutes  with  strong- 
potash-ley.  —  Reinsch  leaves  the  sugar  for  four  hours  in  the  cooled 
mixture  of  3  vol.  oil  of  vitriol  and  2  vol.  nitric  acid  of  sp.  gr.  1-52 
(under  which  circumstances  however  it  may  take  fire  ;  p.  258),  waslies  and  dries 
it  without  application  of  heat. 

Properties.  White  or  transparent  colourless  resin,  friable  in  the 
cold,  but  at  mean  temperatures,  soft,  glutinous,  and  capable  of  being 
drawn  out  into  threads,  having  a  silky  lustre  (Schonbein).  Melts  at 
about  30°  (Reinsch).  Inodorous.  Tastes  bitter.  Neutral.  Contains 
about  27  p.  c.  carbon,  and  3  p.  c.  hydrogen,  and  is  therefore 
C^H^X^O"  (Sobrero;  calculated  27-6  C.  and  3-4  H). 

Decompositions.  1.  Heated  m  an  open  vessel,  it  gives  off  aqueous 
vapour,  then  froths  up  and  gives  off  hyponitric  acid  vapour,  takes  fire 
suddenly,  and  burns  away  leaving  but  little  residue  (Schonbein). 
Reinsch's  nitrosaccharose  explodes  on  red-hot  platinum  foil  or  under 
the  hammer,  deflagrates  when  touched  with  a  glowing  splinter,  and, 
when  heated  in  a  porcelain  crucible,  melts,  gives  off  red  vapours  and 
volatilises  without  explosion.  —  2.  Nitrosaccharose  dissolves  gradually 
in  boiling  water,  the  solution  turning  brown  when  evaporated,  and 
leaving  a  bitter  residue  which  is  soluble  in  cold  water,  and  when  heated, 
first  swells  up  and  then  detonates  (Schonbein).  —  Nitrosaccharose  kept 
under  water  in  summer  becomes  soft,  kneadable  and  glutinous,  and  after 
exposure  to  the  air  in  the  moist  state,  gives  out  when  pressed,  a  fiquid 
containing  a  considerable  quantity  of  free  nitric  acid,  without  evolution 
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of  nitrous  vapours  (Knop). — 3.  When  gently  heated  with  oil  of 
vitriol,  it  dissolves,  without  colouring,  but  with  an  odour  of  nitric 
acid ;  from  the  bitter  solution,  which  decolorises  indigo,  water  separates 
nitric  oxide  gas,  but  does  not  form  any  precipitate  even  on  addition  of 
potash.  At  a  higher  temperature,  the  solution  of  nitrosaccharose  in 
oil  of  vitriol  gives  off  red  vapours  (Schonbein).  —  4.  Nitric  acid  of 
sp.  gr.  1-5  dissolves  nitrosaccharose  at  24°  in  all  proportions,  and  the 
solution,  which  is  precipitable  by  water,  gives  off  hyponitric  acid  when 
heated,  losing  at  the  same  time  its  bitter  taste,  and  being  then  no 
longer  precipitable  by  water  (Schonbein).  —  5.  AVhen  a  solution  of 
nitrosaccharose  in  ether-alcohol  is  boiled  for  several  hours  with  an 
aqueous  solution  of  bisulphite  of  ammonia  completely  saturated  with 
sulphurous  acid,  the  nitrosaccharose  is  completely  decomposed,  yielding 
carbonic  acid,  water,  nitrous  acid,  and  probably  ammonia  (Knop).  — 
6.  Potash-ley  does  not  attack  nitrosaccharose  in  the  cold,  but  dissolves 
it  with  brown-red  colour  at  a  moderate  heat.  The  solution  is  nearly 
decolorised  by  acids,  and  leaves  a  detonating  residue  when  evaporated. 
See  also  Thompson's  method  of  preparing  nitrosaccharose  (p.  294).  NitrosaCcharose 
heated  with  sticks  of  potash,  froths  up,  blackens,  and  then  takes  fire 
(Schonbein).  —  7.  A  mixture  of  the  ether- alcoholic  solution  of  nitro- 
saccharose with  excess  of  ammoniacal  cuprous  chloride  gives  off  a  small 
quantity  of  gas  when  left  to  stand  in  sunshine,  and  decomposes  when 
heated,  like  that  with  sulphite  of  ammonia  above-mentioned  (Knop). 

Nitrosaccharose  is  insoluble  in  cold  tvater,  but  melts  to  an  oil  in 
boiling  water,  and  slowly  dissolves.  On  cooling,  the  dissolved  part 
separates  out  (Schonbein,  Reinsch).  The  solution  gives  the  reactions 
of  nitrites  (Schonbein). 

It  dissolves  freely  in  alcohol,  ether,  and  fixed  oils.  The  alcoholic 
solution,  when  left  to  evaporate  (or  cooled),  deposits  crystals,  according 
to  Reinsch ;  none,  according  to  Vohl  {A7in.  Fharm.  70,  360) ;  a  mass 
resembling  turpentine,  according  to  Schonbein  and  Thompson.  The 
ether-alcohohc  solution  in  certain  proportions  forms  two  non-miscible 
liquids  (Knop). 


Melitose. 

C**H2202^  or  Ci2H»0". 

J.  Johnston.    Alem.  Chem.  Soc.  1,  159 ;  Phil.  Mag.  J.  23,  14 ;  J.  pr. 

Chem.  29,  485. 
Berthelot.    N.  Ann.  Chim.  Phys.  46,  &&  ;  Compt.  rend.  41,  392 ;  J.  p^r. 

Chem.  67,  230;  Chem.  Centr.  1855,  699.     Chim.  Organ.  Paris,  1860, 


First  recognised  as  a  distinct  substance  by  Johnston  ;  further  examined  by  Berthelot, 
— Occurs  in  manna  from  Van  Dieman's  Land,  where  the  manna  falls  in 
opaque  drops  from  various  species  of  Eucalyptus. 

Preparation.  Crystallises  by  evaporation  from  the  aqueous  solu- 
tion of    manna,  and  separates  abundantly  on  cooHng  from  the  hot 
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saturated    alcoholic     solution    (Johnston).       Berthelot    purifies    the 
aqueous  solution  with  animal  charcoal. 

Properties.  Hydrated  melitose  is  obtained  from  the  alcoholic  solu- 
tion in  beautiful  white,  small,  but  well  developed,  crystals  (Johnston); 
from  water  in  thin  microscopic  interlaced  needles  (Berthelot).  Tastes 
rather  sweet.  Dextro-rotatory  power  [a]y  =  102°  for  C^^H^O",  =  88° 
for  C^2H»O^S3HO  (Berthelot).  At  100°  it  gives  off  2  at.  and  at  130° 
another  1  at.  water,  emitting  at  the  same  time  a  peculiar  odour,  and, 
being  converted  into  anhj^drous  melitose,  a  pale  yellow  mass  resembling 
barley-sugar  (Berthelot).  MeHtose,  C^^H'^^O^^,  crystaUised  from  alcohol 
melts  when  quickly  heated  from  94°  to  100°,  giving  off  11-23  p.  c. 
=  5  at.  water  (by  calculation  11*36  p.  c.)  ;  when  slowly  heated  to 
82°  it  yields  in  three  hours  15*88  p.  c.  =  7  at.  water  (by  calculation 
15*9  p.  c),  without  melting.  Melitose  fused  at  100°  scarcely  decreases 
in  weight  at  this  temperature,  and  does  not  give  up  its  7  at.  water 
completely  till  it  is  heated  to  115° — 121°,  turning  brown  at  the  same 
time,  from  incipient  decomposition,  before  the  whole  of  the  water  is 
given  off.  If  the  7  at.  water  are  given  off  at  a  temperature  not 
exceeding  93°,  the  anhydrous  melitose  remains  in  the  form  of  a  dry 
powder  which  begins  to  melt  at  138°,  and  may  be  kept  for  several 
hours  at  149°  without  turning  brown  or  giving  off  water.  It  then 
absorbs  moisture  greedily  from  the  air,  and  is  converted  into  a  syrup 
which  gradually  hardens  to  a  colourless  crystalline  mass  of  the  same 
weight  as  the  cr^^stallised  melitose  (Johnston). 


24  C    

22  H    

at  100° 

144     .. 

22     .. 

.     40-00     . 
.       6-11     . 
.     48-89     . 
.       5-00     . 

Berthelot. 

39-6 

6-2 

22  0    

2  HO 

176     .. 

18     . 

50-6 

3-6 

C24H22022,2HO  360     ....  100-00     1000 

According  to  Johnston,  dried  melitose  =  C2^H2i02'.     Vid.  sup. 

Decompositions.  1.  When  strongly  heated,  it  emits  an  odour  of  caramel 
becomes  carbonised,  and  burns  away  without  residue.  (Berthelot.)  — 
2.  When  cautiously  heated  with  moderately  dilute  nitric  acid,  it 
first  forms  a  syrup,  then  a  small  quantity  of  mucic  acid,  and  a  larger 
quantity  of  oxalic  acid.  — 3.  Fuming  hydrochloric  acid  at  100°,  converts 
melitose  in  two  hours  into  a  black  insoluble  mass.  —  4.  Melitose  heated 
with  dilute  sulphuric  acid,  is  resolved  into  equal  parts  of  fermentable 
sugar  and  non-fermentable  eucalin  : 

C24H22022   +    2H0   =   C12H12012    +    012^20^2, 

its  rotatory  power  diminishing  at  the  same  time  to  about  f  of  the 
original  amount  (Berthelot).  The  sugar  is  uncrystallisable,  and  behaves 
with  alkaHs,  copper- solution,  and  in  respect  of  its  rotatory  power,  like 
grape-sugar.  (Berthelot).  —  5.  Melitose  ferments  with  yeast,  yielding 
about  half  as  much  alcohol  and  carbonic  acid  (22*2  p.  c.)  as  grape-sugar, 
together  with  non-fermentable  eucalin  : 

C24H22022  +  2H0  =  4C02  +  2C4H602  +  C12H12012  (Berthelot). 

Melitose  is  not  altered  by  boiling  with  aqueous  alkalis,  by  heating  to 
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100°  with  hydrate  of  laryta   and  a   small  quantity  of  water,    or  by 
boiling  with  potassio-cupric  tartrate.  (Berthelot.) 

Melitose  dissolves  in  water  to  about  the  same  amount  as  mannite. 
The  concentrated  solution  is  not  precipitated  by  alcohol.  It  forms  a 
brownish  precipitate  with  baryta-water,  white  with  ammoniacal  sugar  of 
lead.  (Johnston.)  When  melitose  moistened  with  water  is  heated  to  149° 
with  oxide  of  lead,  it  gives  off  only  2  at.  more  water  than  when  heated 
by  itself,  and  is  not  further  decomposed.  The  mass  absorbs  water 
greedily  on  cooling.  When  boiled  with  water,  it  yields  a  filtrate 
containing  mehtose,  but  no  lead.  (Johnston.)  —  It  dissolves  in  boiUng 
alcohol  more  abundantly  than  mannite. 


Appendix  to  Melitose, 

Eucalin. 

^24^24034  or  C^^ijwoia 

Berthelot.     N.  Ann.  Chim.  Phys.  46,  72 ;    Chim.  organ.  Paris  1860, 
2,  250. 

Formation.  See  297.  The  liquid  which  remains  after  the  com- 
plete fermentation  of  melitose  is  mixed  with  4  or  5  vol.  alcohol,  and 
the  filtrate  is  evaporated. 

Shghtly  sweet  syrup  which  retains  2  at.  water  in  vacuo,  and  gives 
it  up  at  100°.     Dextro-rotatory  power  about  \_oi\j  =  63°. 


12  C  

at  100°. 
72     . 

..     40-00     . 
..       6-67     . 
..     53-33     . 

Berthelot. 
39-5 

12  H 

12     .. 

6-5 

12  0 

96     .. 

54-0 

C12H12012   .. 

180     .. 

..  100-00     . 

100-0 

Becomes  coloured  at  100°,  and  changes  at  200°  to  a  black  insoluble 
jjiass.  —  AVith  nitric  acid  it  forms  oxalic  acid.  —  By  oil  of  vitriol  or 
fuming  nitric  acid  at  100°,  it  is  converted  into  humous  substance. — Dilute 
sulphuric  acid  does  not  form  any  fermentable  substance  from  eucalin.  — 
Eucalin  becomes  coloured  when  heated  with  baryta.  —  It  does  not 
reduce  potassio-cupric  tartrate.     It  is  not  fermentable. 


Melezitose. 

CWHiiQii  or  O'^W^QF. 

BONASTRE.     J.  Pharm.  19,  443  and  626 ;  abstr.  Ann.  Pharm.  10,  337. 
Berthelot.     N.  Ann.   Chim.  Phys.  46,  86.  —  Compt.  rend.  47,    224 ; 

J.  pr.  Chem.  76,  188;  Ann.  Pharm.  108, 120;   Chem.  Centr.  1858, 

673 ;  Pep.  Chim.  pure,  1,  42   and  389.     In  detail  N.  A?in.  Chim. 

Pfiys.  55,  282  ;  abstr.  Kopp's  Jahresber.  1858,  488.  —  Chim.  organ. 

2,  266. 
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Discovered  in  the  manna  of  Brian^on,  and  recognised  as  a  peculiar 
substance  by  Bonastre  ;  investigated  by  Berthelot.  —  The  manna  of 
Brian^on  forms  on  young  larches  {Pinus  Larix\  also  and  more  abun- 
dantly on  the  young  twigs  of  old  trees  in  hot  dry  summers.  (Chancel, 
J.  Pharm.  8,  355.)  Respecting  other  exudates  from  various  species  of  Pinus,  see 
Mannite. 

The  extract  of  Brian^on  manna  prepared  with  boiling  alcohol  de- 
posits melezitose  after  being  evaporated  to  a  syrup,  and  left  to  stand 
for  several  weeks ;  the  product  may  be  purified  by  recrystalhsation 
from  boihng  alcohol.  (Berthelot.) 

Properties.  Very  small,  short,  hard,  shining  crystals,  resembling 
those  of  cane-sugar  under  the  microscope,  white  and  mealy  when  seen 
in  mass ;  effloresces  readily  when  exposed  to  the  air,  and  gives  off 
4  p.  c.  of  water  when  heated.  Melts  below  140°  without  further 
alteration,  and  solidifies  to  a  glass  on  cooling.  About  as  sweet  as 
glucose.   Dextro-rotatory  power  [a]y  =  94-1°  for  C^'^H^O".  (Berthelot.) 


12  C  

an  10°. 

72     .. 

..     42-10     ... 
..       6-43     ... 
..     51-47     .. 

Berthelot. 
42-2 

11  H  

11  O  

11     .. 

88     .. 

6-6 
51-2 

Ci2H"0"  .. 

171     .. 

..  100-00     ... 

100-00 

Decompositions.  Decomposed  at  about  200°. — Carbonises  with  cold  oil 
of  vitriol,  quickly  turns  brown  with  boiling  hydrochloric  acid,  and  forms 
oxahc  acid  with  nitinc  acid.  — By  an  hour's  boiling  with  dilute  sulphurnc 
acid,  it  is  converted  into  glucose,  more  rapidly  therefore  than  trehalose, 
but  in  longer  time  than  is  required  for  the  inversion  of  cane-sugar.— In 
contact  with  yeast,  it  passes  slowly  or  sometimes  not  at  all,  into  vinous 
fermentation.  It  is  not  altered  at  100°  by  aqueous  alkalis,  and  scarcely 
by  potassio-cupric  tartrate.  (Berthelot.) 

Melezitose  dissolves  readily  in  water,  and  is  precipitated  by  amino- 
niacal  sugar  of  lead.  (Berthelot.)  —  It  is  nearly  insoluble  in  cold,  slightly 
soluble  in  boiling  alcohol,  quite  insoluble  in  ether.  Absolute  alcohol 
precipitates  it  from  the  aqueous  solution.  (Berthelot.) 


Trehalose. 

(324H22022  or  C^2H"0". 

Berthelot.  Compt.  rend.  46,  1276;  Inst.  1858,  213;  J.  pr.  Chem.  74, 
291 ;  Aim.  Pharm.  108,  118;  Pep.  Chim.  pure,  1,  389  ;  Chem.  Centr. 
1858,  b^^.^  Compt.  rend.  47,  202;  J.  pr.  Chem.  77,  1;  Ann. 
Pharm.  109,  34.  The  two  Memoirs  in  detail :  N.  Ann.  Chim.  Phys. 
55,  272  and  291 ;  abstr.  Kopp's  Jahresher.  1858,  486.  —  Chim. 
organ.  Paris  2,  263. 

Occurs  in  the  Trehala  manna  of  Syria.     See  Guibourt  {N.  J.  Pharm.  34, 
81 ;   Compt.  rend.  46,  1213) ;  Hanbury  (iV.  Repert.  8,  535). 
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Preparation.  When  pulverised  trehala  manna  is  treated  with  boil- 
ing alcohol,  trehalose  sometimes  crystaUises  from  the  extract  on 
cooling,  sometimes  not  till  after  dilution  and  several  days'  repose.  It 
is  purified  by  washing  with  cold  alcohol,  boiling  with  small  quantities 
of  alcohol,  and  repeated  crystaUisation  from  boiling  alcohol  with  help 
of  animal  charcoal. 

Properties.  Hard  shining  crystals,  which  grate  between  the  teeth. 
They  belong  to  the  right  prismatic  system  (Fig.  73).  Rhombic  prism 
«,  whose  obtuse  angle  =  111°  15'  to  111°  46' ;  bevelled  above  by  the 
horizontal  prism  2.  Inclination  of  i-.i  above  =  115°  41'  to  116°  11' 
(Berthelot).  Not  quite  so  sweet  as  cane-sugar.  Air-dried  trehalose 
heated  to  97°  loses  9-7  p.  c.  water,  and  at  160°  neither  gives  off  any 
more  water  nor  melts  (calculation  for  C'''H"0",2H0  =  9-5  p.  c.  HO). 
When  rapidly  heated  to  100°,  it  melts  to  a  colourless  glass  which 
solidifies  like  cane-sugar  on  cooling.  Dextro-rotatory  power, 
[a]i  =  220°  for  C^^H^O",  =  199°  for  C^2II"0»,2HO  :  scarcely  altered 
by  heat,  and  nearly  as  great  in  the  recently  prepared  solution  as  in 
one  which  has  been  kept  for  24  hours. 


12  C 

Crystals. 
72 

.     38-09     . 
.       6-88     . 
.     55-03     . 

Berthelot. 
38-2 

13  H    

13 

6-6 

13  O    

104     .. 

55-2 

Ci2H"0",2HO   . 
12  C     

189     .. 

Dried. 
72     ... 

.  100-00     .. 

.     42-10     .. 
.       6-43     . 
.     51-47     . 

100-0 

Berthelot. 
41-9 

11  H    

11     .. 

6-6 

11  0    

.... ,     88     .. 

....     51-5 

Ci2H"0"     

171     .. 

.  100-00     . 

100-0 

Differs  from  Mitscherlich's  mycose  (p.  301)  only  by  its  greater  rotatory  power 
(Berthelot).  More  recently  (Chim,  organ.  2,  263),  Berthelot  regards  the  two  bodies 
as  identical. 

Decompositions.  1.  Only  partially  decomposed  between  181°  and 
200°  ;  carbonises  when  heated  above  200°,  giving  off  water,  gases  and 
an  odour  of  caramel.  —  2.  Heated  in  contact  with  the  air,  it  hums 
with  a  reddish  flame.  —  3.  Heated  with  nitric  acid^  it  yields  oxalic,  but 
no  mucic  acid.  —  4.  It  is  carbonised  by  heating  with  oil  of  vitriol,  more 
slowly  with  fuming  hydrochloric  acid.  —  5.  By  boiling  for  several  hours 
with  dilute  sidphuric  acid,  it  is  converted  into;  dextro-glucose.  The 
transformation  takes  place  much  more  slowly  than  the  inversion  of 
cane-sugar  by  acids ;  if  the  boiling  be  continued  after  it  is  complete 
(after  5  hours)  the  liquid  becomes  coloured.  —  6.  Trehalose  heated 
with  acetic,  butyric,  or  benzoic  acid,  forms,  under  the  same  circumstances 
as  dextro-glucose,  saccharides,  which  are  undistmguishable  from  those 
formed  by  dextro-glucose  itself.  —  7.  In  contact  with  i/east,  it  slowly 
and  partially  undergoes  vinous  fermentation.  It  is  not  altered  at  100° 
by  potash-ley,  baryta-water  or  potassio-cupric  tartrate. 

Trehalose  is  very  soluble  in  water,  and  crystallises  from  the 
aqueous  solution  evaporated  to  a.  syrup  only  after  standing  for  some 
time.  From  the  concentrated  solution  it  is  precipitated  by  ammoniacal 
sugar  of  lead.  It  is  nearly  insoluble  in  cold  alcohol,  but  dissolves 
easily  in  boiling  alcohol ;  insoluble  in  ether. 


MYCOSE.  301 

Mycose. 

C24H"022  or  C"H"0". 

WiGGERS  (1833).  Ann.  Pharm.  1,  129  ;  Schw.  64,  170. 

MiTSCHERLiCH.   JBcrl.   Akad.   Ber.    1857,   469  ;   J.  pr.   Chem.  73,   65 ; 

abstr.  Ann.  Pharm.  106,  15  ;  Chem.  Centr.  1858,  93  ;  M.  Ann.  Chim. 

Phjs.  53,  232 ;  Chem.  Gaz.  1858,  123 ;  N.  Cimento,  7,  272 ;  Kopp's 

Jahresher.  1857,  501. 

Ergot- sugar,  Mutterkomzucker. — Discovered  by  Wiggers,  investigated  by  Mitscher- 
lich.  Liebig  &  Pelouze  {Ann.  Pharm.  19,  285)  regarded  mycose  as  identical  with 
mannite. — It  is  perhaps  identical  with  Berthelot's  trehalose  (p.  299).  The  mushroom- 
sugar  {Sucre  des  Champignons,  Schwammzucker),  discovered  by  Braconnot,  which, 
according  to  him,  is  found  in  Agaricus piperatus  and  ^.  volvacius.  Boletus  juglandis, 
Peziza  nigra,  Merulius  Cantharellus,  Phallus  impudicus,  and  abundantly  in  Hydnum 
repandum  and  H.  hybridum,  is  fermentable,  crystallises  easily  in  four-sided  prisms,  and 
is  less  sweet  than  cane-sugar.  It  has  generally  been  regarded  as  mannite,  since  Liebig 
&  Pelouze  {Ann.  Pharm.  19,  283),  Knop  &  Schnedermann  {Ann.  Pharm.  49,  243),  and 
BoUey  {Ann.  Pharm.  86,  44)  demonstrated  the  general  diffusion  of  mannite  in  fungi. 
As,  however,  Braconnot  distinctly  states  that  his  mushroom-sugar  is  fermentable,  and, 
on  the  other  hand,  Mitscherlich  once  found  mannite  in  ergot  of  rye  (another  time  he 
found  neither  mannite  nor  mycose),  it  is  possible  that  a  peculiar  sugar  may  sometimes 
be  present  in  fungi. — On  the  other  hand,  Vauquelin's  sugar  from  Agaricus  theogalus 
and  A.  campestris  {Ann.  Chim.  85,  5;  Schw.  12,  253),  Schrader's  sugar  from  Hel- 
vetia mitra  {Schw.  33,  393),  and  'RiXtz'  s  fungus -sugar  {Pilz-zucker)  from  the  husk  of 
Lycoperdon  cervinum,  which,  in  the  third  edition  of  this  Handbook,  was  regarded  as 
mushroom-sugar,  may  with  great  probability  be  regarded  as  identical  with  mannite. 
^TAConnoVs  Mucoso-sucre  {Ann,  Chim.  80,  2*1  Z)  fvova  Boletus  pseudo-igniarius  Aocs 
not  appear  to  be  a  distinct  substance  (Kr). 

Occurrence.  In  ergot  of  rye  (Wiggers).  Sometimes  crystallises 
from  the  officinal  extract  (Kloboch,  N.  Br.  Arch.  75,  135 ;  80,  13). 

Preparation.  The  aqueous  extract  of  pulverised  ergot  of  rye  is  pre- 
cipitated with  basic  acetate  of  lead ;  the  excess  of  lead  is  removed  from 
the  filtrate  by  sulphuretted  hydrogen ;  the  filtered  liquid  is  evaporated 
to  a  syrup ;  and  the  crystals  which  separate  after  a  while  are  purified 
by  washing  with  alcohol  and  recrystallisation  from  water  (Mitscherhch). 
2  kil.  yielded  2  grm.  mycose. 

Properties.  Hydrated  mycose  forms  colourless  transparent  crystals  of 
the  right  prismatic  system,  which  separate  from  water  with  curved 
faces,  from  weak  alcohol  with  plane  highly  lustrous  faces.  The 
dominant  form  is  a  rhombic  prism  {Fig.  73)  of  110°  6'  having  its  acute 
lateral  edges  bevelled  by  a  rhombic  prism  which  would  form  an  angle  of 
108°  50'  at  the  truncated  edge;  faces  ^  and  m  subordinate.  The 
prism  is  bevelled  by  the  horizontal  prism  t  ;  i :  i  above  =  160°  32'; 
faces  of  the  octahedi'on  and  the  horizontal  prism  y  subordinate 
(Mitscherlich). 

Tastes   sweet.     Inodorous.    Neutral.  —  Dextro-rotatory  power  for 

C^2H"O^S2HO,  \_oC]j  =  173°  2'  (Mitscherhch).  Such  is  the  value  of  [a],  cal- 
culated according  to  Mitscherlich's  statement,  that  10"03  grms.  of  crystallised  mycose 
produce  a  deflection  of  34*75°  ;  from  Mitscherlich's  second  statement  (in  the  Memoir 
above  referred  to),  that  mycose  deflects  -fg-l-g-g-  times  as  strongly  as  cane-sugar,  the  value 
of  [a]  should  be  192'5'',  therefore  nearly  as  great  as  for  trehalose  (p.  299). 
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My  cose  melts  at  100°  to  a  transparent  mass,  which  on  cooling 
solidifies  first  in  the  vitreous,  afterwards  in  the  crystalline  form. 
Heated  to  130°,  it  gives  off  9-62  p.  c.  water  (2  at.  =  9'53  p.  c),  and 
is  converted  into  anhydrous  mycose,  which  melts  at  210°  without 
further  loss.     (Mitscherhch.) 

Mitscherlich. 


12  C  

72 

...  38-0[)  ... 
...   6-88  ... 
..  55-03  ... 

38-37 

13  H  

13 

6-87 

13  O  

104  . 

....  54-76 

Ci2H"0",2HO  

189  . 

..  100-00  ... 

....  100-00 

For  Liebig  &  Pelouze's  analysis,  see  Ann.  Pharm.  19,  285. 

Decompositions.  1.  Mycose  when  heated  above  200°  turns  brown 
and  gives  off  an  odour  of  caramel,  but,  if  then  treated  with  water,  crys- 
tallises partly  unaltered. —  2.  At  higher  temperatures  and  in  contact 
with  the  air,  it  burns  and  leaves  a  spongy  charcoal.  —  3.  NitiHc  acid  of 
sp.  gr.  1*52  dissolves  it  with  shght  evolution  of  heat,  forming  a  solu- 
tion from  which  water  precipitates  a  gummy  mass,  soluble  in  alcohol 
and  ether,  insoluble  in  water,  melting  when  heated  and  detonating 
with  faint  appearance  of  fire.  (Mitscherlich.)  By  heating-  with  ordi- 
nary nitric  acid,  it  is  converted  into  oxalic  acid.  (Wiggers,  Mitscher- 
lich.) —  4.  It  dissolves  without  decomposition  in  common  and  in 
fuming  oil  of  vitriol,  and  turns  brown  when  the  solution  is  heated. — 
Dilute  sulphuric  acid  boiled  for  some  time  with  mycose  converts  it  into 
dextro-glucose.  —  5.  The  dark-blue  solution  produced  by  mixing  cupric 
stilphate  and  potash-ley  with  mycose,  deposits  mere  traces  of  cuprous 
oxide  or  none  at  all,  even  after  prolonged  boiling.  (Mitscherlich.) 
Neither  does  any  reduction  to  cuprous  oxide  take  place  on  boiling 
mycose  with  cupric  acetate.  (Neubauer,  N.  Br,  Arch.  72,  277 ; 
Kloboch.)  —  6.  According  to  Neubauer,  mycose  \^  fermentable. 

Mycose  dissolves  easily  in  water.  (Wiggers.)  A  solution  con- 
taining 50  p.  c.  mycose  does  not  crystallise  on  coohng.  (Mitscherlich.) 
—  It  is  not  altered  by  aqueous  alkalis  (Wiggers)  even  after  several 
hours'  boiling.  Not  precipitable  by  baryta-  or  lime-water  (Mitscherlich), 
by  metallic  salts,  or  infusion  of  galls.     (Wiggers.) 

It  dissolves  in  more  than  100  pts.  of  boihng  alcohol  and  crystal- 
lises on  cooling.     It  is  insoluble  in  ether.     (Mitscherlich.) 


Saccharoidal  Substances  C^^H^^O^l 

Indiglucin. 

E.  ScHUNCK.  Phil.  Mag.  [4],  10,  73  ;  abstr.  J.  pr,  Chem.  66,  321 ;  Chem. 
Centr.  1856,  50;  Kopp's  Jahresher.  1858,  659.  — Phil.  Mag.  [4], 
15,  183  ;  abstr.  J.  j^r.  Chem.  74,  174 ;  Kopp's  Jahresher.  1858,  465. 

Formation.  Indican  decomposes,  when  heated  in  the  state  of 
aqueous  solution,  or  with  dilute  acids  or  aqueous  alkalis,  into  indiglucin 
and  other  products.  Similar  products  are  yielded  by  indicanin,  oxindi- 
canin  and  oxindicasin.     (See  Tndicati.) 


LNDIGLUCIN.  303 

Preparation.  1.  Tincture  of  woad-leaves,  prepared  with  cold  alco- 
hol, is  evaporated  in  a  current  of  air ;  the  residue  is  mixed  with  cold, 
very  dilute  sulphuric  acid,  and  the  fat  which  falls  to  the  bottom  is 
immediately  separated  by  filtration.  The  filtrate  serves  instead  of  the 
aqueous  solution  of  indican  mixed  with  acids.  The  decomposition, 
which  begins  in  the  cold,  is  kept  up  by  gentle  heating,  whereupon  the 
solution  becomes  turbid,  and  a  mixture  of  six  insoluble  substances 
separates  (see  Indican) ;  the  liquid  is  then  filtered,  the  residue  washed 
with  cold  water,  and  decomposed  in  the  manner  described  under 
Indican.  The  filtrate,  freed  from  sulphuric  acid  by  carbonate  of  lead, 
and  from  lead  by  sulphuric  acid,  evaporated  to  a  syrup  in  a  stream  of 
air,  dissolved  in  alcohol,  and  mixed  with  a  large  quantity  of  ether, 
deposits  leucine  in  crystals,  and  indiglucin  as  a  syrup.  The  latter, 
after  the  removal  of  the  crystals,  is  dissolved  in  water,  the  solution 
mixed  with  acetate  of  lead,  the  scanty  precipitate  removed,  and  the 
yellow  lead-compound  of  indiglucin  is  precipitated  from  the  filtrate  by 
aqueous  ammonia.  The  lead-salt  decomposed  by  hydrosulphuric 
acid  under  water,  treated  Avith  animal  charcoal  till  a  sample  gives  a 
white  precipitate  w4th  ammoniacal  sugar  of  lead,  yields  a  solution 
from  which,  by  evaporation,  solution  of  the  residue  in  alcohol,  and 
addition  of  ether,  the  indiglucin  is  precipitated  in  the  form  of  a  syrup. 
2.  In  the  preparation  of  indicanin  from  indican,  by  mixing  the  latter 
with  baryta- water  and  leaving  it  at  rest,  then  removing  the  baryta, 
evaporating  the  filtrate  in  a  current  of  air,  dissolving  the  residue  in 
alcohol,  and  precipitating  by  ether,  indiglucin  is  separated  as  a  syrup. 
This  syrup  is  dissolved  in  alcohol,  mixed  with  excess  of  alcoholic 
sugar  of  lead,  the  brown  precipitate  removed,  and  the  solution  preci- 
pitated with  ammonia.  The  lead-compound  of  indiglucin  is  purified 
and  decomposed  as  in  method  1. 

Colourless  or  light-yellow  syrup  having  a  slightly  sweet  taste. 

Decompositions.  1.  Swells  up  when  heated  and  gives  off  an  odour 
of  caramel. — 2.  With  boiling  nitric  acid,  it  forms  oxalic  acid. — 3.  With 
oil  of  vitriol.,  it  becomes  carbonised.  —  4.  When  boiled  with  soda-ley,  it 
turns  yellow  and  separates  brown  flocks.  —  5.  From  an  alkaline  cupric 
solution  it  reduces  cuprous  oxide ;  from  an  aqueous  and  still  more  from 
an  ammoniacal  solution  of  nitrate  of  silver,  it  reduces  metallic  silver ; 
similarly  with  terchloride  of  gold.  —  6.  It  is  not  fermentable,  but  turns 
acid  by  prolonged  contact  with  yeast. 

Aqueous  indiglucin  dissolves  hydrate  of  lime,  and  the  solution  on 
boiling  deposits  copious  yellow  flakes  which  dissolve  on  cooling  and 
are  precipitated  by  alcohol.  —  From  a  mixture  of  indiglucin  with 
baryta-water,  alcohol  throws  down  yellow  flakes. 

Lead-compound.  Aqueous  indiglucin  is  precipitated  by  neutral  or 
basic  acetate  of  lead,  only  after  addition  of  ammonia. 
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b.  Prepared  with  baryta-water;  in  this  product  the  composition  of  the  organic 
substance  after  deduction  of  the  lead-oxide,  corresponds  to  the  formula  C'^jpo^i. 
(Schunck.) 

Indiglucin  dissolves  in  alcohol  and  is  precipitated  by  ether. 


Carho-hydrates  C^'^H^^O^*. 

Dextro-glucose. 

C12JJ12012. 

LowiTZ.     CrellAnn.  1792,  1,  218  and  345. 

Thenard  &  DupuYTREN.     N.  Gchl.  2,  195. 

Cruikshank.     Rollo  "  On  Diabetes  mellitus"     Lond.  1797. 

Proust.  J.:Bhys.  63,  257;  69,  428.— ^ww.  Chim,  57,  131  and  225 
N.  Gehl.  2,  77. 

A.  VoGEL.     Schw.  5,  80  ;  Gilh.  42,  123. 

KiRCHHOFF.     Schiv.  14,  389. 

Saussure.      Ann.  Chim.  Phys.  11,  381 ;  Schw.  27,  304. 

Braconnot.     Ann.   Chim.  Phys.  12,  181 ;  Schw.  27,  337. 

DuBRUNFAUT  (1823).  Ami.  Chim.  Phys.  53,  73.  —  Co?npt.  rend.  23,  38  ; 
N.  Ann.  Chini.  Phys.  18,  9d.— N.Ann.  Chim.  Phys.  21,  169  ;  J.  pr. 
Chem.  42,  418;  abstr.  Pharm.  Centr.  1847,  889.  — i\^.  ylmj.  Chim. 
Phys.  21,  178;  J.  p%  Chem.  42,  425;  abstr.  Compt  rend.  25,  308  ; 
Pharm.  Cenir.  1848,  10.  —  Compt.  rend.  29,  51  ;  Pharm.  Centr.  1849, 
Ql'^.— Compt.  rend.  32,  249;  Pharm.  Centr.  1851,  278;  Dingl.  121, 
299  (Estimation  of  Glucose).  —  Compt.  rend.  42,  228  ;  J.  pr.  Chem. 
68,  422  ;  Chem.  Centr.  1856,  2^2,.— Compt.  rend.  42,  739.  — •  Co???^)^ 
rend.  42,  901 ;  J.  pr.  Chem.  69,  438. 

Guerin-Varry.     Ann.  Chim.  Phys.  60,  54. 

Peligot.  Ann.  Chim.  Phys.  67,  136  ;  J.  pr.  Chem.  15,  82;  N.  Br.  Arch. 
15,  227.  Preliminary  notice,  Compt.  rend.  7,  106 ;  Ann.  Pharm. 
23,  169;  J.  pr.  Chem.  12,  425;  13,  378;  Inst.  1839,  237;  Berz. 
Jahresh.  18,  279. 

Ventzke.  J.  pr.  Chem.  25,  74. 

SouBEiRAN.  N.  J.  Pharm.  1,  1  ;  J.  pr.  Chem.  27,  281.  —  N.  J.  Pharm. 
4,  347.  — iV^.  J.  Pharm.  9,  327.— -Compt.  rend.  28,  775;  in  detail, 
N.  J.  Pharm.  16,  252 ;  J.  pr.  Chem.  49.  65. 

Berthelot.  Combinations  with  Acids :  Compt.  rend.  41,  452;  J.pr.  Chem. 
67,  235;  in  detail:  AT.  Ann.  Chim.  Phys.  60,  95 ;  abstr.  Rep).  Chim.pn?^, 
2,  427.  —  Combinations  with  Tartaric  and  Citric  acids  :  Compt.  rend. 
45,  268;  N.  J.  Pharin.  33,  95;  J.  pr.  Chem.  73,  157;  Chem.  Gaz. 
1857,  441 ;  in  detail :  N.  Ann.  Chim.  Phys.  54,  74. — Fermentation 
with  Chalk  and  Cheese :  Compt.  rend.  43,  238 ;  N.  J.  Pharm.  30, 
269 ;  J.  pr.  Chem.  69,  454 ;  Chem.  Centr.  1856,  749 ;  in  detail : 
A^.  Ann.  Chim.  Phys.  50,  322.  —  Formation  from  Mannite  and  Gly- 
cerin :  Compt.  rend.  44,  1002 ;  N.  J.  Pharm.  31,  432 ;  J.  pr.  Chem. 
71,  507  ;  in  detail :  A^.  Ann.  Chim.  Phys.  50,  369.  —  Chimie  organique 
fondee  sur  la  synthese,  Paris,  1860,  tom.  2. 

E.  Brijcke.  Sugar  in  Urine  :  Wien.  Akad.  Ber.  28,  568;  J.  pr.  Chem. 
74,  108.—  Wien.  Akad.  Ber.  29,  346;  J.pr.  Chem.  74,  115;  Chem. 
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Centr.   1858,  705  ;  Rep.  Chim.  pure,  1,  47.  —  Wien.  AJcad.  Ber.  30, 
10;   Chem.  Centr.  1860,  231  ;  Rep.  Chim.  pure,  2,  219. 

BuiGNET.     N.  Ann.  Chim.  Phys.  61,  233. 

0.  Schmidt.     Dissertat.  iiber  Traubenzucker,  ^-c.     Gottingen,  1861. 

Glucose,  Ordinary  Glucose;  KrumelzucJcer,  and  according  to  its  origin ;  Grape- 
sugar,  Fruit-sugar,  Honey -sugar,  Starch-sugar,  Diabetic  sxigar,  Sugar  of  urine,  Chest- 
nut-sngar.  Rag-sugar,  some  of  which  names  are  also  used  to  denote  glucose  in  general. 
—  Recognised  as  a  distinct  substance  by  Lowitz  and  Proust ;  first  prepared  from  starch 
by  KirchhofF,  from  linen  by  Braconnot.  Its  combinations  with  bases  have  been  inves- 
tigated chiefly  by  Peligot ;  those  with  organic  acids  by  Berthelot.  Our  knowledge  of 
glucose  has  been  further  extended  by  Dubrunfaut,  who  has  eliminated  much  that  does 
not  properly  belong  to  it,  and  more  exactly  characterised  its  properties. 

Sources.  Impressions  of  ferns  from  the  clay-slate  of  Petit-coeur,  in 
Savoy,  contain  a  sweet  substance,  which  smells  like  caramel  when 
burnt  on  charcoal,  and  perhaps  consists  of  glucose.  (Calloud,  Compt. 
rend.  33,  544.)  —  On  the  alleged  occurrence  of  sugar  or  dextrin  in  vegetable  mould, 
see  Verdeil  &  Risler  {Compt.  rend.  35,  97,  and  Petzhold's  counter-statement,  /.  pr. 
Chem.  60,  368.) 

In  the  Vegetable  Kingdom.  Abundantly  in  sweet  fruits,  frequently 
together  with  cane-sugar,  and  always  with  such  a  quantity  of  lasvo- 
rotatory  fruit-sugar  that  the  mixture  may  be  regarded  as  inverse 
sugar  {i.  e.,  as  produced  by  the  decomposition  of  cane-sugar,  p.  254) 
(Buignet,  sec  page  239J.  —  The  isolated  occurrence  of  dextro- glucose 
has  been  observed  only  in  the  following  cases : 

A  thick  viscid  liquid  which,  in  the  summer  of  1842,  covered  the 
upper  surface  of  the  leaves  of  lime-trees,  and  at  certain  times  of  the 
day  fell  down  hke  rain,  contained  cane-sugar  and  dextro- glucose. 
(Biot,  N.  Ann.  Chim.  Phys.  7,  337 ;  Langlois,  N.  Ann.  Chim.  Phys. 
7,  348.)  —  Dextro-glucose  is  contained  in  the  manna  of  the  ash-tree; 
a  false  manna,  of  unknown  origin,  was  found  to  contain  a  peculiar  sugar 
not  invertible  by  acids,  and  having  a  molecular  rotatory  power  equal 
to  f  of  that  of  cane-sugar  ;  perhaps  maltose  (Biot,  Compt.  rend.  14,  49  ; 
J.  pr.  Chem.  27,  60).  Whether  the  sugar  occurring  in  many  other 
parts  of  plants  should  be  considered  as  dextro-glucose,  is  not  yet 
decided.  According  to  Buignet's  researches  (p.  240),  cane-sugar  and 
inverse-sugar  (which  may  be  regarded  as  a  peculiar  substance,  at 
least  with  reference  to  its  origin),  appear  to  be  the  most  widely 
diffused,  and  the  imperfectly  investigated  granular  sugar  {Krilmelzuclcer) 
of  many  chemists,  appears  to  be  inverse  sugar  formed  either  in  the 
plant,  or  during  the  process  to  which  it  is  subjected  for  the  extraction 
of  the  sugar.  (Kr.J 

In  Honey.  This  substance  contains  cane-sugar  (which  is  gradually  in- 
verted by  keeping);  inverse  sugar  and  an  excess  of  dextro-glucose 
(Dubrunfaut,  Compt.  rend.  29,  51);  comp.  Soubeiran  {N.  J.  Pharm.  16, 
252)  and  page  240  of  this  volume. 

In  the  Animal  body.  In  many  animal  liquids  and  tissues  ;  in  the  liver 
{Handbuch  viii,  Zoochem.  ^^),  in  the  amniotic  and  allantoic  hquids  (^bid. 
424)  in  the  blood  {ibid.  171  and  195),  in  the  chyle  {ibid.  221),  in  the  trans- 
sudates {ibid.  241),  in  the  yolk  and  white  of  hens'  eggs  (^bid.  284  and 
285).— In  large  quantity,  to  the  amount  of  8  or  10  per  cent.,  in  diabetic 
urine  {ibid.  384),  in  small  quantity  also  in  the  urine  of  healthy  men 
(Briicke ;  Bence  Jones,  Chem.  Sac.  Qu.  J.  14,  22  ;  N.  Aim,  Chim.  Phys. 
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G2,  244  ;  65,  125).  The  mine  of  a  fox  fed  exclusively  on  meat  contained 
glucose.  (Vintscligau,  Wien.  Akad.  Ber.  42,  523.)  Conjugated  com- 
pounds of  glucose  are  likewise  found  in  the  animal  body.  {See  Glucosides.) 

F'ormation.  Of  dextro -glucose  and  fermentable  sugars  in  general  isomeric  there- 
with, in  so  far  as  they  cannot  with  certainty  be  referred  to  other  species.  —  A.  £7/  the 
transformation  of  Carlo -hydrates  with  assumption  of  Water.  1.  Glucosan 
^Qi2jjioQio .  ^jj  1^^^^  jg  converted  into  dextro-glucose  by  boihng  with 
dilute  acids  (Gehs).  Assamar  prepared  by  heating  cane-sugar  (p.  249), 
dissolved  in  water  and  set  aside  for  1^  years  in  a  closed  vessel,  reco- 
vered the  sweet  taste  of  sugar,  still  more  in  two  years,  probably  from 
conversion  into  glucose  (Pohl,  J.  pr.  Chem.  82,  148).  Pohl's  assamar 
doubtless  contained  glucosan.     (Nickl^s,  N.  J.  Pharm.  39,  469.) 

2.  Dextrin  is  converted  into  dextro-glucose  by  boiling  with  dilute 
acids.  (Biot  &  Persoz.)  Diastase  acts  in  Hke  manner,  according  to 
Payen  &  Persoz,  and  Guerin-Varry ;  according  to  Musculus,  it  does  not. 
See  page  189,  also  on  the  intermediate  products  of  the  reaction,  infra.  3.  Under 
the  same  circumstances,  soluble  starch  (p.  102)  and  common  starch  are 
converted  into  dextro-glucose,  after  they  have  been  previously  con- 
verted wholly  or  partially  into  dextrin,  or  other  intermediate  products. 
Dextro-glucose  is  also  formed  from  starch  by  continued  boihng  with 
water,  by  prolonged  contact  with  glutin,  saliva,  or  the  nitrogenous  and 
animal  matters  mentioned  on  page  91,  and  from  sulphamidonic  acid  by 
heating  its  aqueous  solution  (p.  104). 

On  the  change  which  takes  place  in  the  conversion  of  starch  into 
dextro-glucose,  the  following  views  have  been  proposed. 

a.  According  to  Kirchhoff,  the  starch  is  directly  converted  into 
glucose.  —  b.  According  to  Biot  &  Persoz,  when  a  mixture  of  500  pts. 
starch,  120  pts.  oil  of  vitriol,  and  1,390  pts.  water  is  heated  to 
90°  —  95°  (under  the  circumstances  mentioned  at  page  85),  or  till  a 
clear  solution  is  produced,  dextrin  is  formed,  which,  when  the  tem- 
perature has  risen  a  few  degrees,  is  converted,  with  sudden  diminution 
of  the  rotatory  power  of  the  solution,  into  a  pecuhar  dextro-rotatory 
sugar,  and  by  continued  boiling,  iuto  dextro-glucose.  With  other 
proportions  of  water,  acid,  and  starch,  the  same  changes  take  place, 
but  more  or  less  quickly  and  at  other  temperatures.  The  first-formed 
sugar  is,  according  to  Dubrunfaut,  maltose.  The  dextrin  of  Biot  & 
Persoz,  appears  to  have  been  a  mixture  of  disorganised  with  soluble 
starch,  dextrin  and  dextro-glucose  (or  maltose),  since  it  had  a  greater 
rotatory  power  than  dextrin,  less  than  soluble  starch,  viz.  [ol]j  =  175*7°, 
was  coloured  purple  by  iodine,  was  fermentable  (hence  the  statement  of  Biot  & 
Persoz,  p.  188,  requires  rectification),  and  when  kept  in  aqueous  solution  de- 
posited a  white  powder,  which  Jacquelain  {Ann.  Chim.  Phys.  73,  177) 
afterwards  regarded  as  identical  with  his  Granules  de  fecule.  The 
amount  of  sugar  was  previously  ascertained  by  Guerin-Varry  {Ann, 
Chim.  Phys.  56,  239  (Kr.). 

c.  According  to  Payen  &  Persoz,  who  distinguish  between  the 
integuments  of  the  starch-granules,  amounting  to  ^  p.  c,  and  the  con- 
tents, amounting  to  99 '5  p.  c.  (designating  the  latter  as  amidone), 
diastase  or  malt  heated  with  starch  and  water  causes  the  contents  of 
the  granules  to  separate  out,  part  of  the  substance  remaining  for  a  short 
time  in  the  hquid  without  alteration,  and  being  subsequently  converted 
into  dextrin  and  sugar,  the  diastase,  however,  not  being  able  to  pro- 
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duce  any  further  alteration  of  tlie  dextrin,  even  after  the  sugar  has 
been  removed.  The  amidone  of  Payen  &  Persoz  appears  to  be  identical 
with  disorganised  or  soluble  starch,  but  their  dextrin  is  different  from 
that  of  Biot  &  Persoz,  inasmuch  as  it  is  not  coloured  by  iodine  {Ann. 
Chim.  Phys,  53,  73 ;  56,  337).  More  recently,  Payen  states  {Ann. 
Chim.  Phi/s.  60,  442)  that  starch  is  completely  converted  into  sugar  by 
diastase,  with  the  exception  of  the  integuments.  According  to  Mulder 
{Chemie  des  Bieres,  170)  the  dextrin  produced  by  diastase  is  different 
from  that  which  results  from  the  action  of  acids,  as  appears  also  to 
follow  from  Guerin-Varry's  statements  {Ann.  Chim.  Phys.  60,  32),  but 
both  diastase  and  acids  appear  to  produce  successively  the  dextrin 
which  is  coloured  purple-red  by  iodine  and  that  which  is  not  coloured. 
(Kr.) 

d.  According  to  Jacquelain,  who  Hkewise  distinguishes  in  the 
starch -granule  an  envelope  and  a  granular  substance  contained 
therein,  the  first  effect  of  heating  starch  with  water  to  150°,  is  to 
separate  these  two  constituents,  the  envelopes  remaining-  undissolved, 
while  the  granular  contents,  Jacquelain's  Granules  de  fecule,  dissolve. 
[The  characteristic  property  of  the  granules  de  fecule  is,  that  they 
separate  out,  for  the  most  part,  when  the  aqueous  solution  is  left  to 
cool,  dissolve  sparingly  in  cold  water,  but  easily  in  water  at  70"",  are 
coloured  blue  by  iodine,  and  are  precipitated  from  their  aqueous  solu- 
tion by  alcohol  much  more  easily  than  dextrin.  They  appear  therefore 
to  be  identical  with  Be'champ's  disorganised  starch  (p.  102)].  The  granules 
de  fecule,  when  further  heated  with  5  pts.  water  to  160°  are  con- 
verted in  J  hour  into  a-dextrin  (which  is  coloured  purple  by  iodine,  and 
is  more  easily  precipitated  by  alcohol  than  ;3-dextrin),  in  1|  hour  into 
ySI-dextrin  (not  coloured  by  iodine),  and  by  still  further  heating,  into 
sugar.  At  higher  temperatures,  the  same  products  are  formed,  but  are 
more  quickly  converted  into  the  last-mentioned  compound.  When  starch 
is  heated  with  an  equal  weight  of  water  and  from  y-^oo  to  y/o-Q  of  oxalic 
acid,  or  oil  of  vitriol,  to  130°,  the  mass,  after  20  minutes,  contains 
a-dextrin,  after  an  hour,  /3-dextrin,  and  after  2  hours,  sugar.  (Jacquelain, 
Ann.  Chim.  Phys.  73,  167.)  The  sugar  formed  in  this  reaction  possesses, 
according  to  Biot  {Compt.  rend,  lb,  619  and  710;  42,  351)  a  mole- 
cular rotatory  power  different  from  that  of  dextro- glucose,  viz.  [oC\j  = 
100*6°  to  the  right,  because,  according  to  Dubrunfaut,  it  is  a  mixture 
of  maltose  and  dextro-glucose  (see  Maltose). 

e.  According  to  Neubauer,  dilute  acids  produce  first  Schulze's 
amydulin,  from  this  a-dextrin,  which  is  coloured  purple-red  by  iodine, 
then  ^-dextrin,  not  coloured  by  iodine,  and,  finally,  after  very  long 
veiling,  a  solution  containmg  nothing  but  glucose. 

/.  According  to  Bechamp,  the  formation  of  sugar  from  starch  by  dilute 
acids,  is  preceded — just  as  when  diastase  is  the  acting  substance, — 
by  the  formation  of  three  different  products,  whilst  a  fourth  appears 
either  before  the  sugar,  or  simultan  eously  with  it.  These  products, 
some  of  which  may  be  isolated  by  the  use  of  aqueous  alkahs  or  of  con- 
centrated acids,  are  as  follows :  a.  Disorganised  starch,  occurring  in 
three  forms,  in  one  of  which  it  constitute  s  Jacquelain's  granules  de  fecule, 
in  another  Saussure's  Ligneux  amylace ; — /3.  Soluble  starch  (p.  102) 
which  is  coloured  blue  by  iodine,  dissolves  in  cold  and  in  hot  water  and 
lioes  not  separate  from  the  latter   solution  on  cooling ;  —  7.  Dextrin, 
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which  is  not  coloured  blue  (but  pui'ple-red  ?  Kr.)  by  iodine ;  — 
^.  A  variety  of  dextrin,  Bechamp's  Amylin,  which  is  formed,  either 
together  with  or  before  the  sugar,  often  remains  mixed  with  it,  and  has 
a  dextro-rotatory  power  [a]  /  =  125°.  (Bechamp,  N.  Ann.  Chim.  Phys. 
48,  458).  The  presence  of  Bechamp's  Amylin  (or  Jacquelain's 
/J-dextrin)  appears  also  to  explain  the  observation  made  by  Anthon 
{Dingl.  151,  213;  Chem.  Centr.  1859,  291),  that,  by  boiling  starch  with 
water  and  2  p.  c.  oil  of  vitriol  for  5 — 7  hours,  a  solution  is  obtained 
which  is  not  coloured  by  iodine  or  precipitated  by  alcohol,  but  does  not 
yield  any  crystals  by  evaporation,  and  ferments  only  to  the  amount  of 
f  to  J  of  its  entire  quantity. 

g.  According  to  Musculus,  dilute  acids  and  diastase  decompose 
starch  into  2  at.  dextrin  and  1  at.  dextro-glucose,  the  former  being 
afterwards  but  slowly  altered  by  dilute  acids,  and  not  at  all  by  diastase. 
This  does  not  agree  with  Guerin-Varry's  experiments  (pp.  90  and  91), 
in  which  the  quantity  of  sugar  obtained  was  much  larger  than  that 
which  corresponds  to  the  equation  given  by  Musculus.  Neubauer 
{N.  Br.  Arch.  72,  285),  appears  to  have  converted  starch  completely 
into  sugar  by  the  action  of  diastase  ;  the  quantity  of  product  obtained 
in  the  brandy-distillery,  shows  that  the  sugar  produced  by  the  action 
of  malt  upon  starch  amounts  to  between  75  and  80  p.  c.  of  the  weight 
of  the  starch;  and,  finally,  Guerin-Varry  states  distinctly  (p.  188)  that 
he  converted  dextrin  into  sugar  by  the  action  of  diastase,  not  how- 
ever till  the  sugar  first  formed  was  removed.  From  this,  as  well  from 
experiments  of  my  own,  the  view  proposed  by  Musculus  appears  to  me  to  be  unten- 
able (Kr.). 

Lastly,  there  are  certain  observations  by  Gentele  {Dingl.  158,  427 ; 
Chem.  Centr.  1861,  91),  which  indicate  the  formation  of  another  inter- 
mediate product :  When  starch  is  boiled  with  dilute  acids  till  the  mix- 
ture remains  clear  on  cooling,  the  presence  of  glucose  in  it  is  shown  by 
potassio-cupric  tartrate,  but  not  by  red  prussiate  of  potash  mixed  with 
caustic  potash,  which  reagent  is  nevertheless  decolorised  by  glucose. 

In  the  spontaneous  decomposition  of  starch-paste,  there  is  obtained, 
amongst  other  products,  a  sugar,  which,  according  to  Saussure, 
resembles  grape-sugar,  and  according  to  Dubrunfaut,  is  maltose. 
When  a  paste  prepared  with  1  pt.  starch  and  12  pts.  water  is  exposed 
to  the  air  for  two  years  in  a  shallow  vessel,  and  the  mass  is  then 
exhausted  with  cold  water,  undecomposed  starch,  woody  starch 
(Saussure's  ligneux  amylace)  and  a  small  quantity  of  resin  remam  un- 
dissolved, while  amidin,  starch-gum,  and  sugar  pass  into  the  solution. 
On  evaporating  the  filtrate,  dissolving  the  residue  in  1  pt.  of  water, 
adding  10  pts.  alcohol,  evaporating  again,  and  separating  the  remainder 
of  the  matter  insoluble  in  alcohol,  an  alcoholic  solution  is  obtained  from 
which,  after  evaporation,  the  sugar  crystallises.  If  the  spontaneous 
decomposition  of  the  starch-paste  continues  only  a  few  weeks,  sugar  is 
hkewise  formed,  but  of  the  uncrystalhsable  kind ;  if  the  decomposition 
has  proceeded  too  far,  the  crystallisable  sugar  also  disappears.  This 
crystalhsable  sugar  dissolves  in  8  pts.  alcohol  of  35°  Bm.  at  25°,  and 
in  17  to  20  pts.  of  boihng  absolute  alcohol  (Saussure,  Ann.  Chim.  Phys, 
11,  379). 

4.  Glycogen  is  converted  into  dextro-glucose  under  the  same  cir- 
cumstances as  starch  (p.  184).  —  5.  In  like  manner,  lichenin  (p.  121) 
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and  paramylone  (p.  122)  are  converted  into  glucose  by  boiling  with 
acids.      The  rotatory  power  of  the  sugar  has  not  been  ascertained  in  either  case. 

6.  Cellulose  treated  with  oil  of  vitriol  (p.  136),  concentrated  hydro- 
chloric acid  (p.  139),  or  a  concentrated  aqueous  solution  of  chloride  of 
zinc  (p.  140),  yields  products  which  are  converted  into  glucose  when 
their  aqueous  solution  is  boiled  with  water.  —  Glucose  is  likewise  produced 
in  the  decomposition  of  lignosulphate  of  lead  (p.  165),  and  by  the  action  of  alkalis  on 
pyroxylin  (p.  178).  But  it  is  doubtful  also  whether  this  sugar  should  be  regarded  as 
dextro-glucose.  According  to  Bechamp  (iV.  Atm.  Chim.  Phys.  48,  502),  it  yields,  when 
treated  with  alcohol,  two  sorts  of  crystals,  one  sort  having  the  hardness  of  cane-sugar, 
the  others  resembling  dextro-glucose. 

The  skin  of  the  silk-worm  and  that  which  remains  in  the  cocoons 
when  the  butterflies  escape,  are  capable  of  yielding  a  substance  isomeric 
with  cellulose,  which  may  be  converted  into  glucose.  When  the  cater- 
pillars arc  boiled  for  several  hours  with  strong  hydrochloric  acid,  and 
this  treatment  is  repeated  three  times  with  the  residue,  and  this  residue 
is  washed  with  strong  potash-ley,  then  with  water,  and  dried  between 
100°  and  110°,  a  white  light  substance  nearly  free  from  nitrogen  is 
obtained,  which  graduaDy  diffuses  in  oil  of  vitriol,  forming  a  colourless 
gummy  hquid.  This  solution  added  by  small  quantities  to  boiling 
water  and  boiled  for  an  hour  or  two,  yields  fermentable  sugar  which 
reacts,  like  glucose,  with  common  salt  and  potassio-cupric  tartrate  (De 
Luca,  Compt.  rend.  53,  102). 

7.  Tunicin  (p.  182)  is  decomposed  by  oil  of  vitriol,  under  the  same 
circumstances  as  cellulose,  into  dextro-glucose  and  a  second  substance. 
(On  the  decomposition  of  Chitin,  see  Glucosides.) 

8.  Maltose  (p.  339),  melezitose  (p.  299),  trehalose  (p.  300)  and  mycose 
(p.  301)  are  completely  converted  into  dextro-glucose  by  boiling  with 
dilute  acids. 

B.  Another  class  of  compounds  yield  by  their  decomposition,  dextro- 
glucose  and  another  product.  This  latter  body  is  either  isomeric  with 
gKicose:  thus  melitose  (p.  297)  is  resolved,  by  dilute  acids,  yeast, 
and  other  bodies,  into  dextro-glucose  and  eucalin, — cane-sugar  (p.  254), 
into  dextro-glucose  and  lasvo-glucose  (as  to  starch,  dextrin,  and  tunicin,  it  is 
doubtful  whether  they  belong  to  this  or  to  the  former  class);  Or,  it  belongs  tO  the 
class  of  non-saccharine  bodies,  in  which  case  the  compound  which 
yields  this  second  product  and  dextro-glucose,  belongs  to  the  class 
of  Glucosides. 

To  the  Glucosides,  Glucosamides,  or  Saccharogens  belong,  according  to  Laurent's 
classification  (iV.  Ann.  Chim.  Phys.  36,  330),  all  substances  which,  when  decomposed 
by  dilute  acids,  yield,  on  the  one  hand,  dextro-glucose  or  another  saccharine  substance, 
on  the  other,  a  product  differing  in  character  according  to  circumstances,  but  not 
belonging  to  the  carbo-hydrates.  Generally  speaking  only  the  naturally  occurring  com- 
pounds of  this  kind,  the  Bitter  principles,  are  designated  by  this  name.  Berthelot's 
Saccharides  (p.  317)  include,  besides  these,  the  artificially  prepared  compounds  of  the 
carbo-hydrates  (with  acids),  and  are  divided,  according  as  they  yield  by  their  decompo- 
sition, dextro-glucose,  Isevo -glucose,  lactose,  or  other  bodies  of  like  nature,  into 
glucosides,  levulosides,  gallactosides,  &c.  But  since,  in  many  cases,  decisive  experi- 
ments on  the  nature  of  the  saccharine  substance  obtained  are  wanting,  Berthelot's  clas- 

ification  cannot  be  completely  carried  out,  and  we  shall  therefore  adhere  to  Laurent's. 

"""r.)     See  the  Conspectus  of  the  Glucosides,  in  the  Apj}endix  to  the  Carbo-hydrates. 
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C.  In  the  decomposition  of  dulcite  (C^II^^O^^^;  by  nitric  acid,  there 
is  formed,  amongst  other  products,  a  sugar,  C^^H^^O^^  which  reacts 
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with  alkalis,  potassio-cupric  tartrate,  basic  nitrate  of  bismuth,  and 
indigo,  in  the  same  manner  as  dextro-glucose.  (Carlet,  Compt.  rend. 
61,  137.)  —  Respecting  Gorup-Besanez'  Mannitose,  a  sugar  different  from  dextro- 
glucose  produced  by  the  oxidation  of  mannite  (C^^H^^O^^)  under  the  influence  of  pla- 
tinum-black, see  Mannite. 

J).  From  Oxalate  of  Ethyl.  —  When  this  compound  is  brought  in 
contact  with  sodium-amalgam  at  low  temperatures,  and  the  product  is 
agitated  with  ether,  a  solution  is  obtained  from  which  a  greasy  mass 
separates  on  addition  of  water.  This  mass  is  a  mixture  of  oxalate 
of  soda,  another  soda-salt,  and  fermentable  sugar.  (Lowig,  J.  pr. 
Chem.  83,  133.)  Whether  this  sugar  should  be  regarded  as  dextro-glucose  is  at 
present  undecided.     (Kr.) 

E.  From  Mannite  or  Glycerin.  —  When  a  moderately  concentrated 
aqueous  solution  of  mannite,  dulcite,  or  glycerin  is  left  for  some  time 
in  contact  with  the  testicles  of  man,  or  of  the  horse,  dog,  or  cock,  a 
peculiar  fermentable  sugar  is  produced,  the  formation  of  which  likewise 
takes  place  in  certain  cases,  when  instead  of  the  testicle,  albumin, 
casein,  fibrin,  gelatin,  or  the  tissue  of  the  kidneys  or  pancreas  is 
employed.     (Berthelot,  N.  Ann.  Chim.  Phys.  50,  369.) 

When  to  a  solution  of  mannite  or  glycerin  in  10  pts.  water,  there 
is  added  such  a  quantity  of  comminuted  testicle,  that  its  dried  substance 
amounts  to  -2^  of  the  mannite,  and  the  mixture,  contained  in  an  open 
flask,  is  exposed  to  diffused  dayhght  between  10°  and  20°,  the  hquid, 
after  an  interval  varying  from  a  week  to  3  months,  is  found  to  contain 

(without  the  occurrence  of  putrefaction,  which,  indeed,  is  incompatible  with  the  success 
of  the  experiment)  a  substance  which  reduces  cupric  tartrate.  The  tes- 
ticular tissue,  if  separated  at  this  time  from  the  liquid  by  decantation 
and  thorough  washing,  then  again  introduced,  under  similar  circum- 
stances, into  a  solution  of  mannite  or  glycerin,  produces  therein,  in 
the  course  of  a  few  weeks,  a  considerable  quantity  of  sugar.  This 
sugar  is  formed,  sometimes  in  extremely  small,  sometimes  in  larger 
quantity,  amounting  to  -^  of  the  mannite  or  glycerin,  and  is  partly 
further  altered  during  the  operation.  It  is  not  formed  by  the  sub- 
stance of  the  testicle,  inasmuch  as  this  substance  is  recovered,  for  the 
most  part,  unaltered,  and  gives  up  to  the  liquid,  chiefly  salts  and  albu- 
min oi'dal  substances,  amounting  to  less  than  the  weight  of  the  sugar. 
— The  sugar  is  probably  l^vo-rotatory.  It  is  deUquescent,  uncrystalhs- 
able,  and  cannot  be  separated  from  the  glycerin.  It  is  apt  to  alter  during 
the  evaporation  of  its  solution,  is  turned  brown  by  alkalis,  easily  fer- 
mented by  yeast,  and  reduces  potassio-cupric  tartrate.  It  is  very 
soluble  ia  water,  alcohol,  and  glycerin,  and  slightly  precipitable  by 
ammoniacal  sugar  of  lead.  (Berthelot.)  On  the  formation  of  sugar  in  the 
muscles  and  lungs  of  the  foetal  calf,  see  Handbuch,  viii,  Zoochem.  489. 

Pectin,  pectic  acid,  and  pectous  acid  are  converted  into  sugar,  according  to  Chodnew, 
by  boiling  with  dilute  acids,  a  statement  which  is  contradicted  by  Fremy.  Apiin, 
according  to  Braconnot,  exhibits  a  similar  reaction;  according  to  Planta  &  Wallace,  it 
does  not.  Bassorin  (p,  208)  and  vegetable  mucilage  (p.  211),  treated  in  like  manner, 
yield  a  sugar,  which  cannot  with  certainty  be  reckoned  as  belonging  to  this  place.  —  The 
following  substances  were  formerly  erroneously  regarded  as  dextro-glucose  : — The  inverse 
sugar  produced  by  inversion  of  cane-sugar  (p.  254), — the  Isevo-rotatory  fruit-sugar 
produced  from  inulin, — lactose  (p.  227), — the  sugar,  probably  identical  with  lactose, 
produced  from  arabic  acid, — and  maltose.  The  observations  of  Biot  {Compt.  rend. 
15,  619  ;  15,  710  ;  42,  351),  who  found  that  the  sugar  which  Jacquelain  obtained  by 
heating  starch  with  oxalio  acid  (pp.  87,307),  also  the  sugar  examined  by  Peligot,  and  the 
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dextro-glucose  of  the  maniifaciories,  exhibited  different  degrees  of  dextrd-rotatory  power 
(viz,  [o]^'  =  100*6°,  61-5°,  and  51-4°),  must  for  the  present  remain  unexplained,  so 
far  at  least  as  the  two  latter  products  are  concerned. 

Preparation.  1.  From  the  juice  of  various  Jcind  of  fruit,  especially 
of  Grapes.  The  juice  is  boiled  and  skimmed ;  the  free  acid  is  neutral- 
ised with  chalk  or  marble ;  and  the  liquid  is  concentrated  to  one-half, 
clarified  by  deposition  and  decantation,  or  further  with  white  of  egg, 
and  evaporated  to  a  syrup,  not  too  thick.  From  this  the  grape-sugar 
separates  after  some  weeksj  and  is  purified  by  repeated  solution  in 
water  and  crystalHsation. 

2.  Fro'tn  Honey.  White  granular  honey  is  diffused  in  \  pt.  of  cold  strong 
alcohol,  which  dissolves  the  more  soluble  lasvo-glucose  and  leaves  the 
dextro-glucose  for  the  most  part  Utidissolved  ;  the  solution  is  separated 
from  the  sediment  after  a  few  hours ;  the  sediment  strongly  pressed  ; 
the  residue  again  triturated  with  —"pi.  alcohol;  again  pressed;  and  the 
undissolved  portion  is  purified  by  solution  in  water  and  CrystalHsation. 
(Braconnot,  Bull.  Pharm.  3,  360.)  A  similar  process  is  followed  by 
Proust,  also  by  Cavezzalli  {Scher.  J.  7,  714),  and  Trommsdorff  (i\^.  Tr. 
9,  1,  287).  —  2.  Siegle  spreads  granular  honey  on  dry  porous  bricks, 
whereby  the  hquid  portion  is  absorbed,  leaving",  after  a  few  days,  a 
granular  residue,  which  is  recrystalhsed  from  warm  alcohol  with  help 
of  animal  charcoal.  (J.  pr.  Chem.  69,  148.)  The  dextro-glucose  obtained 
by  either  of  these  processes  must  be  contaminated  with  cane-sugar,  if  the  honey  con- 
tained that  substance.     (Kr.)     See  also  Clerget  (iV.  J.  Pharm.  16,  252). 

3.  From  Starch  hy  the  action  of  dilute  Sulphuric  acid.  —  1  pt.  of 
starch  is  boiled  with  4  jJts.  water  and  a  quantity  t)f  oil  of  vitriol, 
weighing  from  -^^  to  -Jg-  as  much  as  the  starch,  the  hquid  being 
stirred  and  the  water  continually  renewed  tUl  the  liquid  is  no  longer 
precipitated  by  alcohol.  To  bring  it  to  this  state,  the  boihng  must  be 
continued  for  a  longer  time  in  proportion  as  less  sulphuric  acid  has  been 
used;  with  the  above  proportions,  from  6  to  36  hours'  boiling  is 
required.  The  dextro-glucose  then  contained  in  the  solution  is  sepa- 
rated and  purified  in  the  same  manner  as  that  from  grape-juice. 
(Kirchhoff.)  In  preparing  starch-sugar  on  the  large  scale,  the  ebul- 
lition is  produced  by  passing  over-heated  steam  into  the  mixture  con- 
tained in  closed  casKs.  —  When  starch  is  boiled  with  water  and  2  p.  c. 
oil  of  vitriol,  the  hquid  being  evaporated  after  5  or  7  hours,  at  which 
time  it  is  no  longer  precipitated  by  alcohol,  an  uncrystalHsable  syrup 
is  obtained.  It  is  only  after  longer  boiling  that  the  whole  of  the  dis- 
solved matter  is  converted  into  dextro-glucose,  part  of  which  moreover 
undergoes  further  alteration,  so  that  the  liquid  does  not  easily  yield 
crystals  by  evaporation.  (Anthon,  Dingl.  151,  213.)  After  the  sul- 
phuric acid  has  been  neutralised  with  chalk,  a  small  quantity  of  acetic 
acid  must  be  added  before  boihng  the  liquid,  since  an  excess  of  lime 
leads  to  the  formation  of  bitter  products  of  decomposition  {Pohjt.  Centr. 
1854,252);  see  also  Payen  (RepfeW.  77,286).  Respectin^j  the  amount  of  product 
thus  obtained^  see  page  85  of  this  volume. 

4.  From  Starch  hy  the  action  of  Glutin,  Malt,  or  Diastase.  —  The  pro- 
duct thus  obtained  is  perhaps  not  dextro-glucose,  but  maltose  (p.  338)  —  2  parts 
of  starch  well  mixed  by  stirring  with  4  pts.  of  cold  water  are  diffused 
in  20  pts.  of  boiling  water,  and  the  paste  thus  formed  is  digested  for 
eight  hours  at  50° — 70''  with  1  pt.  of  diied  and  pulverised  wheat- 
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glutin.  From  the  syrup  obtained  by  evaporation,  alcohol  extracts  the 
sugar,  leaving  the  starch,  which  is  still  but  slightly  altered,  and  the 
solution  yields  the  sugar  by  evaporation. 

100  pts.  of  starch  is  suspended  in  400  pts.  of  cold  water ;  the  mix- 
ture is  poured  into  2,000  pts.  of  boiling  water,  and  after  the  whole  has 
cooled  to  65°,  2  pts.  of  diastase  dissolved  in  20  pts.  of  cold  water  are 
added.  The  mass,  which  in  a  few  minutes  becomes  perfectly  fluid,  is 
kept  for  2^  hours  at  a  temperature  between  60°  and  65°,  evaporated 
as  quickly  as  possible  at  60°,  or  better  in  vacuo,  to  34°  Bm.,  and  left 
to  itself  for  some  days  in  shallow  vessels.  By  treating  the  syrup, 
which  is  sometimes  crystalline,  with  alcohol  of  95  per  cent,  at  a  tem- 
perature of  75°,  cooling  the  solution  out  of  contact  of  air,  filtering, 
reducing  the  filtrate  to  a  syrup  by  distillation  and  concentration, 
and  leaving  the  syrup  to  itself  in  vacuo,  crystals  are  obtained  which 
may  be  purified  by  pressure,  renewed  treatment  with  alcohol,  and 
recrystallisation  from  4  pts.  water  at  65°,  with  help  of  animal  char- 
coal. (Guerin-Varry.)  The  diastase  may  be  economically  replaced  by 
18  times  the  quantity  of  malt.    (Guerin-Varry.) 

6.  From  Linen.  —  See  page  308.  To  12  pts.  of  hnen  (purified  as  com- 
pletely as  possibly  by  treatment  first  with  potash-ley,  then  with  water, 
and  dried :  Voget) :  17  pts.  oil  of  vitriol  are  very  slowly  added,  so  that 
no  heating  may  take  place ;  the  mass  is  kneaded  together,  left  to  itself 
for  24  hom-s,  then  dissolved  in  a  very  large  quantity  of  water ;  the 
solution  is  boiled  for  10  hom's  ;  the  acid  is  saturated  with  carbonate  of 
lime ;  the  liquid  is  filtered  and  evaporated ;  and  the  glucose  which 
separates  after  some  days  is  purified  by  recrystaUisation.  (Braconnot.) 
Vogel  uses  sulphuric  acid  of  sp.  gr.  1*8  (which  blackens  the  linen  less 
than  strong  oil  of  vitriol)  and  leaves  the  mass  to  itself  for  two  days. 

6.  From  the  urine  of  diabetic  patients.  —  The  crystals  obtained  by 
evaporating  the  urine  are  pressed  (after  being  separated  from  the 
chloride-of-sodium  compound  of  glucose)  and  purified  by  crystallisation 
from  boiling  alcohol  (Chevreul),  or  by  digestion  with  cold  alcohol  and 
subsequent  recrystallisation.  (Prout.)  Addition  of  ether  to  the 
alcoholic  solution  favours  the  ciystaUisation.  (PeUgot,  Htinefeld.)  — 
The  urine  is  evaporated  to  a  syrup  on  the  water-bath ;  the  residue 
exhausted  with  alcohol ;  the  tincture  precipitated  with  basic  acetate  of 
lead ;  the  lead  separated  from  the  filtrate  by  sulphuretted  hydrogen  ; 
and  the  clear  liquid  evaporated  to  a  syrup  and  allowed  to  stand  till  it 
deposits  crystals.  (Hiinefeld,  J.  pr.  Chem.  8,  560.)  —  Frequently 
nothing  but  crystals  of  the  chloride-of-sodium  compound  of  glucose  are 
obtained  on  evaporating  diabetic  urine.  (Lehmann,  Handhuch,  viii, 
Zoochem.  568.) 

Directions  for  the  detection  of  Sugar  in  the  urine.  —  200  cc.  urine  are 
mixed  with  800  cc.  alcohol,  allowed  to  settle,  and  then  filtered; 
alcoholic  potash  is  added  drop  by  drop  to  the  perfectly  clear  liquid, 
until  it  has  acquired  a  slightly  alkaline  reaction ;  and  the  mixtm^o 
is  left  for  24  hours  in  the  cold.  On  carefully  decanting  the 
liquid  and  draining  it  off  as  completely  as  possible,  the  sides  of  the 
vessel,  when  allowed  to  dry  by  spontaneous  evaporation,  are  found  to 
be  covered  with  crystalline  crusts  of  the  potash-compound  of  glucose. 
This  is  dissolved  in  a  small  quantity  of  water,  and  the  glucose  recog- 
nised by  its  browning  with  potash-ley,  by  the  copper- test,  or  by  its 
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reaction  with  basic  nitrate  of  bismuth.  (E.  Briicke,  Wien.  Ahad.  Ber. 
29,  346  ;  J.  pr.  Chem.  74,  115.) — By  precipitating  the  urine,  first  with 
sug-ar  of  lead,  then  with  basic  acetate  of  lead,  and  lastly  with  ammonia- 
cal  acetate  of  lead,  precipitates  are  obtained,  of  which  the  last  two 
contain  sugar,  although  basic  acetate  of  lead  does  not  throw  down  any 
sugar  from  a  pure  solution  of  grape-sugar.  By  pressing  each  of  these 
two  precipitates,  dividing  them  finely,  and  decomposing  them  with 
cold  aqueous  oxalic  acid,  filtering,  neutralising  the  filtrate  with  car- 
bonate of  soda,  acidulating  with  acetic  acid,  concentrating  the  liquid 
by  evaporation,  and  precipitating  the  oxalate  of  soda  by  alcohol,  a 
solution  is  obtained  from  which  glucose  can  be  precipitated  as  above 
by  alcohohc  potash,  and  recognised  in  the  same  way.  Carbonate  of 
Hme  may  also  be  used  instead  of  carbonate  of  soda.  (Briicke,  Wien. 
Akad.  Ber.  39,  10;   Chem.  Centr.  1860,  231.) 

Estimation  of  Glucose.  —  Barreswil's  method  {Arch,  d'anatom.  1846, 
50 ;  J.  Pharm.  6,  361 ;  Berz.  Jahresher.  25,  556).  A  known  measure  of 
potassio-tartrate  of  copper  mixed  with  potash-ley  is  heated  to  boiling 
in  a  capsule,  and  the  hquid  containing  sugar  is  dropped  in  until  the 
copper-solution  has  become  colourless  by  the  separation  of  red  dioxide 
of  copper.  The  quantity  of  glucose  required  to  reduce  the  quantity  of 
copper- solution  employed  must  be  ascertained  by  a  prehminary  experi- 
ment. Barreswil  prepares  the  copper-solution  by  dissolving  400  grm. 
carbonate  of  soda,  500  grm.  cream  of  tartar,  300  grm.  sulphate  of 
copper,  and  400  grm.  hydrate  of  potash  in  half  a  litre  of  water.  «-- 
Fohlmg  {Ann.  Pharm.  72,  106.  — 106,  75)  adds  to  a  solution  of  160 
grm.  neutral  tartrate  of  potash  (or  better,  192  grm.  tartrate  of  potash 
and  soda)  in  a  small  quantity  of  water,  600  or  700  cc.  soda-ley  of 
sp.  gr.  1-12,  then  a  solution  of  40  grm.  crystallised  sulphate  of  copper 
in  about  160  cc.  water,  and  dilutes  the  mixture  until  it  measures 
1154*4  cc.  at  15°.  —  Five  miUigrammes  (0*005  grm.)  of  dry  glucose  can 
reduce  1  cc.  of  this  solution.  It  must  be  kept  in  well  closed  vessels,  to 
protect  it  from  carbonic  acid  and  air ;  the  solution  ought  not  to  give 
any  precipitate  of  dioxide  of  copper  when  boiled  by  itself.  The  sugar- 
solution  to  be  tested  is  best  employed  free  from  acid.     See  also  Kersting 

{Ann.  Pharm.  70,  251),  H.  Schwarz  {Ann.  Pharm.  70,  54),  Roser  {Ann.  Pharm. 
74,  180),  Donaldson  (/.  Chim.  med.  27,  641;  Lieb.  Kopp.  Jahresber.  1851,  647), 
Mulder  {Lieb.  Kopp.  Jahresber.  1850,  614),  Neubauer  (iV.  Br.  Arch.  72,  276), 
Werther  (/.  pr.  Chem.  74,  373),  Lowenthal  (/.  pr.  Chem.  77,  336),  Schiff  {Ann. 
Pharm.  104,  330.  —  112,  368),  Brucke  {Chem.  Centr.  1858,  705.  —  1860,  231),  Buignet 
{N.  Ann.  Chim.  Phys.  61,  240),  and  the  authorities  quoted  under  milk-sugar  (p.  223). 
When  a  solution  contains  no  optically  active  substance  besides  glu- 
cose, or  only  cane-sugar  in  addition,  the  quantity  of  dextro-glucose 
present  may  be  deduced  from  its  rotatory  power  according  to  p.  246. 
Or,  as  in  the  case  of  cane-sugar  (p.  243),  the  quantity  of  carbonic 
acid  formed  by  fermentation  is  determined.  On  the  determination  of  sugar 
in  diabetic  urine  by  fermentation,  see  also  Wicke  {Ann.  Pharm.  96,  87  and  100)  ;  by 
the  optical  test,  Biot  {Compt.  rend.  15.  633),  Lespian  {Compt.  rend.  26,  305),  Robiquet 
{Compt.  rend.  43,  920),  Listing  {Ann.  Pharm.  96,  93  and  100),  also  Handbuch  viii, 
Zoochem.  380;  by  the  depth  of  coloration  produced  on  boiling  the  urine  with  potash- 
ley,  Garrod  {Pharm.  J.  Trans.  17,  261). 

Properties.  From  alcohol  of  95  per  cent.  (Dubrunfaut,  Compt.  rend. 
23, 42),  or  from  stronger  alcohol(0.  Schmidt),  anhydrous  dextro-rotatory 
glucose  is  deposited  in  crystals.     Microscopic,  sharply  defined  needles. 
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which  melt  at  146°  to  a  colourless  transparent  mass.  (0.  Schmidt.)  The 
crystals  frequently  contain  small  quantities  of  hydrated  glucose  mixed 
with  them.  (Schmidt.)  Anhydrous  glucose  is  obtained  as  a  white  powder 
by  heating  bihydrated  glucose  to  55°  or  60°  in  a  stream  of  air ;  as  a 
melted,  transparent,  amorphous  mass,  by  heating  the  bihydrate  to 
100°.^- Its  taste  is  less  sweet  than  that  of  cane-sugar ;  in  the  solid 
state,  it  is  mealy  as  well  as  sweet.  According  to  Prout,  2J-  pts. 
glucose, — according  to  Dubrunfaut,  2  pts. — glucose  sweetens  as  much 
as  1  pt.  cane-sugar.      (See  also  hydrated  glucose,  p.  323.) 

Molecular   rotatory  power    towards   the    right,  slightly   variable 
between  the  temperatures  of  18°  and  80°,  for  Cm'W^,  [a];  =  53-2° 

(Dubrunfaut),  57*44°  (Bechamp),  55*15°  (Pasteur,  according^  to  his  deter- 
mination of  the  rotation  of  the  chloride-of-sodium  compound),  57*0°    (0.    Schmidt), 

56°  (Berthelot):  hence  for  C'm'^0'\2LlO  [a]7  =  48°  (Dubrunfaut), 
52*03°  (Bechamp).  See  also  Biot,  p.  310.  A  freshly  prepared  solu- 
tion of  hydrated  glucose  (and  also  of  the  crystals  of  anhydrous  glucose 
obtained  from  absolute  alcohol:  0.  Schmidt),  or  of  dehydrated  glucose 
prepared  without  fusion,  shows  a  molecular  rotatory  poM^er  equal  to 
twice  the  above,  but  it  gradually  sinks  to  this  point  and  then  remains 
constant  (Dubrunfaut,  Pasteur);  but  if  the  glucose  has  been  dehydrated 
by  fusion,  its  solution,  even  when  freshly  prepared,  possesses  the  same 
rotatory  power  as  that  acquired,  after  long  standing,  by  a  solution  of 
the  crystals  (Bechamp,  Dubrunfaut).  Dubrunfaut  distinguishes  the 
glucose  contained  in  a  freshly  prepared  solution  as  glucose  hirotatoire. 
The  solution  of  the  crystals  in  wood-spirit  retains  its  greater  rotatoiy 
power  for  a  longer  time  than  the  aqueous  solution,  so  that  for  C^^ID^O^'' 
there  is  found  [a]i  =  106*4°,  or  for  G'^WO'\2llO  [a]i=96°;  the 
rotatory  power  of  the  aqueous  solution  quickly  falls,  so  that  the  shorter 
the  time  that  elapses  between  solution  and  observation,  the  nearer  is  it 
found  to  this  number.  (Dubrunfaut.)  The  diminution  of  rotatoiy 
power  takes  place  slowly  at  0°  (E.  0.  Erdmann)  ;  it  is  complete  in  24 
hours  at  the  common  temperature,  or  in  a  few  minutes  at  the  boiling 
point.  (Dubrunfaut.)  It  is  hastened  also  by  addition  of  hydrochloric 
acid.  (E.  0.  Erdmann.)  —  (Dubrunfaut,  Coinpt.  rend.  23,  42  ;  N'.  Ann. 
Chim.  Phys.  18,  99.  --  Compt.  rend.  42,  228  and  739.  —  Pasteur,  iV^.  Ann, 
CMm.  Phijs.  31,  95. — ^E.  0.  Erdmann,  Lieh.  Kopp.  Jahresher.  1855,  671. 
—  Bechamp,  Compt.  rend.  i2,  640  and  898.)  —  The  fusion  of  glucose 
does  not  occasion  any  diminution  of  its  rotatory  power,  except  the  dis- 
appearance of  the  bi-rotation.     (Ventzke,  J.  pr.  Chem.  25,  78.) 
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Schmidt  examined  glucose  prepared  from  honey,  salioin,  and  amygdalin,  which  had 
been  crystallised  from  alcohol  of  97  p.  c.  The  crystals,  after  being  dried  in  vacuo,  lost 
about  1  p.  c.  of  their  weight  at  110°,  owing  to  the  admixture  of  a  small  quantity  of 
hydrated  glucose.  The  composition  of  dextro-rotatory  glucose  was  established  by 
Prout's  and  Saussure's  analyses  of  hydrated  glucose;  Liebig  {Ann.  Pharrn.  9,  23) 
deduced  the  formula  from  the  decomposition  of  glucose  in  fermentation.  Conflicting 
views  concerning  the  formula:  Brunner  {Ann.  Fharm.  14,  303  ;  31,  195),  Blondeau 
de  CaroUes  (/.  pr.  Chem.  33,  449}. 
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Decompositions.  1.  When  glucose  dried  at  110*  is  heated  to  170°,  it 
gives  off  2  at.  water,  becoming  more  or  less  coloured,  and  is  converted 
into  glucosan  mixed  with  a  little  unaltered  glucose  and  caramel  (Gelis, 
Compt.  rend.  51,  331).  It  becomes  brown  when  heated  for  a  longtime  to 
150°,  and  is  then  hygroscopic  after  cooling  (0.  Schmidt).  Between  210° 
and  220°  it  swells  up  more  than  cane-sugar,  gives  off  a  larger  quantity  of 
water,  and  yields  caramel  (Peligot).  The  products  formed  at  high  tempe- 
ratures are  similar  to  those  obtained  from  cane-sugar  (p.  248),  but  are 
somewhat  more  fusible,  more  easily  soluble  in  water,  and  less  soluble 
in  alcohol.  Alcohol  takes  up  scarcely  anything  from  glucose-caramel ; 
absolute  alcohol  throws  down,  from  the  aqueous  solution,  a  mixture  of 
substances  in  the  form  of  a  black  syrup,  which  becomes  moist  in  the 
air,  and  gives  precipitates  of  varying  composition  with  salts  of  lead 
or  bar3'-ta.  Caramelin  (p.  293)  from  glucose  is  also  obtained  in  three 
states,  and  is  dissolved  by  long  contact  with  water,  even  without 
boihng.  (Gehs,  N.  Ann.  Chim.  Phys.  52,  386.)  —  By  heating  glucose 
in  a  sealed  tube,  there  is  obtained,  together  with  other  substances,  a 
liquid  which  absorbs  oxygen  and  nitrogen  from  the  au'  With  great 
avidity  (P.  Thenard,  Compt.  rend.  52,  795). 

2.  Glucose  froths  up  in  the  open  fu-e,  evolves  a  smell  of  burnt  sugar, 
and  burns  away  with  flame. — 3.  Glucose,  mixed  with  spongy  plati- 
num, behaves  like  cane-sugar  (p.  251)  when  heated  oxygen  is  passed 
over  it  (Reiset  &  Millon,  N.  Ann.  Chim..  Phys.  8,  258).  Aqueous  glu- 
cose in  contact  with  platinum- sponge  does  not  absorb  oxygen ;  but,  if 
potash-ley  is  also  added,  it  becomes  heated,  and  is  oxidised  to  carbonic 
acid  and  water  (Dobereiner,  J.  p)r.  Chem.  29.  453).  —  It  yields  formic 
acid  when  heated  with  chromic  acid  and  sulphuric  acid,  or  with  peroxide 
of  manganese  and  sulphuric  acid  (Hunefeld,  J.  pr.  Chem.  7,  44).  Aqueous 
glucose  does  not  alter  bichromate  of  potash  when  heated  with  it ;  its 
presence  even  prevents  the  occurrence  of  the  phenomena  occasioned 
by  solution  of  cane-sugar  in  bichromate  of  potash  (p.  251).  (Reich, 
J.  Jjr.  Chem.  43,  72.)  See  also  Horsley  (/.  pr.  Chem.  63,  320).  —  By  distilhng 
1  pt.  glucose  with  1  pt.  oil  of  vitriol,  1  pt.  peroxide  of  manganese,  and 
30  pts.  water,  a  distillate  is  obtained  which  exhibits  the  reactions  of 
aldehyde,  and  possesses  also  the  smeUof  acrolein  (Liebig,  Ann.Pharm. 
113,  116). — Glucose  is  not  altered  by  boihng  with  peroxide  of  manga- 
nese alone  (Stiirenberg,  Ann.  Pharm.  29,  291),  neither  is  it  altered  by 
pe?'manganate  of  potash  (Monier,  ComjJt.  rend.  46,  425).  —  It  takes  fire 
when  triturated  with  6  pts.  peroxide  of  lead  (Bottger).  On  adding 
small  quantities  of  glucose  to  a  boihng  pulp  of  peroxide  of  lead  and 
water,  carbonate  and  formiate  of  lead  are  obtained.  Q^'^W^O^'^  + 
16Pb02  =  4C'HPbO*  +  4PbO,C02  -f  BPbO  4-  8110.  A  body  which 
attacks  the  eyes  and  nose  is  formed  at  the  same  time  (Stiirenberg). 

4.  Glucose  behaves  like  milk-sugar  (p.  2l9)  when  its  aqueous  solution 
is  heated  (Hoppe).  —  The  rotatory  power  of  the  aqueous  solution  does 
not  alter  by  standing  for  ten  months  (Maumene,  Compt.  rend.  39, 
916).  A  concentrated  aqueous  solution  becomes  yellow  when  heated 
in  a  chloride-of-sodium  bath,  but  its  rotatory  power  is  hardly  altered 
in  40  to  80  hours  (Soubeiran,  N.  J.  Pharm.  1,  92). 

5.  Its  aqueous  solution  mixed  with  1  at.  bicarbonate  of  potash 
and  then  with  1  at.  iodine^  m^  warmed^   yields  iodoform   (Millon, 
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Compt.  rend. '21,  828;  J.  pr.  Chem.  37,  53).  —  6.  Heated  in  a  sealed 
tube  with  bromine  in  presence  of  water,  it  yields  liydrobromic  acid,  a 
dark-brown  liquid,  and  humus-like  products  (Barth  &  Illasiwetz).  ■ — 
7.  Chlorine  converts  glucose  into  a  brown  or  black  mass  containing 
caramelin  (p.  262).  (Maumene,  Compt.  rend.  30,  314.)  Bicldoride  of 
tin  acts  upon  glucose  in  the  same  way  as  upon  cane-sugar  (Maumene, 
Compt.  rend.  39,  422). 

8.  Fuming  nitric  acid  converts  glucose  into  nitro-glucose  (Flores 
Domonte  &  Menard,  Compt.  rend.  24,  89).  —  When  heated  with  com- 
mon, or  moderately  diluted,  nitric  acid,  glucose  yields  saccharic  acid 
(Heintz)  and  oxahc  acid,  but  no  tartaric  acid  (Liebig). 

9.  By  heating  glucose  with  syrupy  aqueous  ^AospAonc  acid  to  140°, 
a  small  quantity  of  a  saccharide  (p.  317)  is  obtained  (Berthelot,  N,  Ann, 
Chim.  Fliys.  54,  81). 

10.  Glucose  dissolves  without  coloration  when  triturated  with  cold 
oil  of  vitriol  (P.  Boullay,  J.  Pharm.  16,  172),  forming  glucoso-sulphuric 
acid  (Peligot,  Ann.  Chim.  Phys.  67, 168).  It  chars  when  gently  heated 
with  4  pts.  oil  of  vitriol,  and  evolves  carbonic  oxide  and  carbonic  acid 
gases  (Filhol,  N.  J.  Pharm.  8,  100).  —  When  glucose  is  boUed  with 
dilute  sulphuric  acid,  the  hquid  becomes  brown  and  yields  a  deposit  of 
nlmin  and  ulmic  acid  more  quickly  than  when  cane-sugar  is  used  (Mala- 
guti),  less  quickly  (Bouchardat) ;  when  air  has  access,  formic  acid  is 
also  produced  (Malaguti,  Ann.  Chim.  Phys.  54,  417).  Coloration  occurs 
quickly  with  glucose  from  inverse  sugar,  more  slowly  with  that  from 
grapes,  and  in  not  less  than  six  hours  in  that  from  starch  (Bouchardat, 
J.  Pharm.  21,  627).  — 11.  Glucose  long  boiled  with  hydrochloric  acid 
becomes  unfermentable  (Bodeker,  Ann.  Pharm.  117,  111).  — 12.  When 
heated  with  aqueous  iodic  acid,  it  is  slowly  decomposed  into  carbonic 
acid  and  water  (Millon,  N.  Ann.  Chim.  Phys.  13,  37).  — 13.  Mixed  with 
water  and  an  equal  quantity  of  arsenic  acid,  and  exposed  to  the  sun,  it 
becomes  red  or  brown  after  three  or  four  days  (Bottger,  N.  Br.  Arch. 
17, 185).  — 14.  Honey  behaves  with  oxalic  acid  in  the  same  way  as  cane- 
sugar  (Dobereiner,  Ann.  Pharm.  2,  338).  — 15.  The  rotatory  power  of 
aqueous  glucose  is  but  very  slightly  altered  by  long  heating  in  a  chlo- 
ride-of- sodium  bath  with  acetic  acid  (Soubeiran). 

16.  By  heating  dextro-glucose  with  (organic)  acids,  compounds 
are  formed,  with  elimination  of  water,  which  belong  to  the  class  of 
Saccharides,  and  possess  no  longer  the  properties  of  the  acid  and  of 
sugar,  but  are  capable  of  breaking  up  again,  by  assimilating  water, 
into  the  acid  and  dextro-glucose  (Berthelot). 

Berthelot's  class  of  Saccharides  comprehends  all  bodies  formed  in 
the  way  above  mentioned  from  the  sugars  properly  so-called.  Accord- 
ingly, not  only  dextro-glucose,  but  laevo-glucose,  maltose,  and  lactose 
(inosite,  eucaUn,  sorbite)  can  enter  into  the  composition  of  saccharides. 
If  they  are  prepared  with  cane-sugar  or  with  trehalose,  instead  of  with 
dextro-glucose,  compounds  are  formed  which  are  either  identical  with 
the  dextro-glucosides  —  their  formation  taking  place  under  circum- 
stances under  which  cane-sugar  is  partially,  trehalose  completely,  con- 
verted into  dextro-glucose  —  or,  at  least,  behave  in  the  same  way  so 
far  as  tliey  have  been  hitherto  examined.  ■— •  Berthelot  further  places  in 
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tliis  class,  compounds  of  starch,  dextrin,  cellulose,  &c.,  such,  for  instance, 
as  xylo'idin  and  pyroxylin.  He  then  subdivides  the  saccharides  into 
— glucosides,  or  those  produced  from  dextro-glucose ;  levulosides,  from 
Igevo-glucose  (loevo-rotatory  fruit-sugar);  galactosides,  from  lactose; 
and  inosides,  from  inosite.  [in  this  work,  the  first  two  classes  will  be  spoken  of  as 
dextro-  and  Icevo-glucosides  whenever  it  is  necessary  to  distinguish  between  them.1  As 
to  how  far  the  naturally- occurring  bitter  principles  (Laurent's  ghicos- 
amides)  ought  to  be  considered  as  belonging  to  one  of  these  subdi- 
visions, see  below. 

The  formation  of  the  saccharides  occurs  for  the  most  part  by  long 
contact  at  100°  or  120°;  with  some  kinds  of  sugar,  as  with  trehalose, 
the  temperature  may  be  raised  as  high  as  180°.  Only  a  part  of  the 
sugar  thus  enters  into  combination.  —  They  are  decomposible  into  their 
constituents  under  the  same  conditions  as  the  fats,  but  with  greater 
difficulty.  Water  scarcely  acts  upon  them  at  100°;  at  higher  tempe- 
ratures the  sugar  itself  would  be  destroyed.  Continuous  boiling*  with 
dilute  acids  decomposes  them  completely  mto  the  original  acid  and 
fermentable  sugar ;  part  of  the  latter,  however,  easily  undergoes  a 
a  further  decomposition  into  glucic  acid  and  humus-like  bodies.  Some 
saccharides  suffer  decomposition  by  contact  with  ferments. 

The  saccharides,  like  the  natural  fats,  are  soluble  in  water  when 
they  contain  a  volatile  acid ;  insoluble  when  they  contain  a  fixed  acid. 
The  soluble  saccharides  have  an  extraordinarily  bitter  taste;  they 
deflect  the  plane  of  polarisation  in  the  same  direction  as  the  sugar 
from  which  they  are  derived ;  none  of  them  are  volatile,  but  in  some 
cases  they  emit  a  peculiar  smell,  which  is  developed  by  warming  (Ber- 
thelot). 

The  following  general  account  of  the  saccharides  of  dextro-glucose,  Berthelot's 
glucosides,  is  taken  from  Berthelot's  Chimie  organique  fondee  sur  la  Synthese  (Paris, 
18G0),  2,  271.  It  contains  the  general  formulae  of  the  saccharides  of  dextro-glucose, 
as  well  as  of  the  similar  kinds  of  sugar,  both  such  as  have  been  actually  prepared,  and 
those  whose  existence  must  be  assumed  as  probable.  The  examples  are  taken  from  the 
compounds  of  milk-sugar,  starch,  etc.,  in  those  cases  in  which  the  corresponding  com- 
pounds of  dextro-glucose  are  unknown. 

The  saccharides  of  dextro-glucose  are  either  mono-,  hi-,  ter-,  or 
quadri-saccharides^  according  as  they  are  derived  from  1,  2,  3,  or  4  at. 
dextro-glucose  (or,  according  to  Berthelot,  from  an  equal  number  of 
atoms  of  ghicosan,  C^^IP^O^",  p.  360).  Each  of  these  divisions  is  further 
divisible  into  various  classes,  according  as  the  glucose  is  combined  with 
1,  2,  or  more  atoms  of  acid,  and  into  various  sub-classes  according  as 
the  compounds  are  formed  with  elimination  of  1,  2,  or  more  double 
atoms  of  water. 

S  denotes  1  at.  dextro-glucose  after  separation  of  2  at.  water,  or  1  at.  glucosan  : 
in  cases  where  the  compound  of  dextro-glucose  is  unknown,  it  stands  for  1  at.  of  a 
corresponding  carbohydrate.  —  A  denotes  1  atom  of  a  monobasic  acid;  B,  1  atom  of 
a  bibasic  acid  ;  and  //,  1  atom  of  water. 

Monosaccharides.  —  a.  Class  I.  S  -{-  A  —  2iT.  Formed  by  the  com- 
bination of  1  at.  glucosan  with  1  at.  acid,  with  elimination  of  2  at. 
water.  No  compounds  of  this  class  are  as  yet  known.  A  correspond- 
ing compound  of  starch  is  xylo'idin,  according  to  Pelouze's  formula 
(p.  107).    C^2H^0^N0'  =  C^^xiioQio  +  NO=.HO  -  2H0. 
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/3.  Class  II.  5^  +  2 J.  —  4i7.  Here  belong"  bistearo-glucose,  bi- 
butyro-glucose  and  bibenzo-glucose ;  also  glucoso-bitartaric  acid  (p.  259) 
formed  from  the  bibasic  tartaric  acid  according  to  S  +  2B  —  AH. 

7.  Class  III.  >S^  +  3^  —  QIT.  Hitherto  not  prepared.  Assuming 
Strecker's  formula  for  gallo-tannic  acid  as  correct,  this  body  may  be 
taken  as  an  example  of  a  naturally  occurring  glucoside  of  this  class. 
C«H"0^  =  C'^H^^O"  +  3C^*H«0^»  (gallic  acid)  -  6H0. 

^.  Class  TV.  No  saccharides  of  monobasic  acids  formed  according 
to  /S  +  AA  —  8H  are  known,  but  gluco-tetratartaric  acid,  formed  from 
bibasic  tartaric  acid  according  to  S  +  4:B  —  8H,  belongs  to  this 
class,  and  also,  among  the  compounds  of  (the  hypothetical)  gallactosan 
(milk-sugar — HO  =:  C^^H^^'O^"),  Berthelot's  acide  galactoso-tetratartrique. 
Comp.  p.  222.  (If,  with  Berthelot,  we  derive  the  compounds  there 
spoken  of  from  gallactosan,  their  formulae  become  : — a.  acide  gallactoso- 
tetratartrique,  C^^H^oO^*  =  C^^hioqio  ^  4C8IP0^2  _  41x0  ;  —  b.  acide  tri- 
gallactoso-tetratartnque,  C^^H^^O'*'  =  dCm'^O'"'  +  40«H«0^2  -  8H0.) 

e.  Class  V.     iS^  +  5^  —  lOIT.     None  prepared  hitherto. 

^.  Class  VI.  ^  +  G^  -  12i7.  Sexaceto-glucose,  C^^H^^O'^  = 
C121110Q10  _^  6C*IP0*  —  12H0.  Gluco-sexacitric  acid,  formed  from  ter- 
basic  citric  acid  according  to  S  +  GB  —  2H  (thus :  C^^H^O^^  = 
QniiioQio  ^  GC^^jjeQu  _  2H0),  also  belongs  to  this  place. 

The  bisaccharides,  which  are  similarly  divisible  into  classes,  have  not 
hitherto  been  obtained.  The  tersaccharides  of  the  Jii^st  class,  which 
would  be  formed  according  to  S  S  +  A  ~  AH,  are  perhaps  represented 
by  jalapin  [C««H'«'03'»  =  SC^^ir^^O^"  +  C^^nsooo  (jalapinohc  acid)-4lI0] 
and  by  convolvulin  [C^^^^^O^^  =  SCnV'O''  +  C^^PP^O^  (convolvulinic 
acid)  —  4110.]  The  fourth  class  of  tersaccharides  is  represented  by  tri- 
galacto-tetratartaric  acid  (pp.  222  and  318).  Among  quadrisaccharides, 
AS  +  B  —  2H,  Berthelot  ranks  glucoso-sulphuric  acid. 

17.  Gaseous  ammonia  passed  over  dextro- glucose  which  is  heated 
in  a  water-bath,  or  to  110°,  is  enegetically  absorbed,  water  holding- 
carbonate  of  ammonia  in  solution  distilling  over,  while  a  brown,  taste- 
less, nitrogenous  residue  remains.  (P.  Thenard,  Bull.  Soc.  Chim.  Paris, 
18G1,  40;  abstr.  Com^n.  rend.  52,  444;  Rep.  Chim.  pure,  3,  207.) 

On  pouring  upon  the  residue  20  pts.  alcohol  of  38°,  it  separates 
into  an  insoluble  brown  residue  and  a  solution.  The  former,  after 
being  washed  with  alcohol  of  40°  and  dried  in  vacuo,  contains  52*28 
p.  c.  C,  6*38  H.,  9*94  N.,  and  31*40  0.,  corresponding,  according  to 
Thenard,  with  the  formula  C^^H^^N^O^^  (calculation  51*79  p.  c.  C, 
6*47  H,  10*06  N.,  and  31*68  0.).  It  does  not  evolve  ammonia  when 
boiled  with  potash  ley ;  and  when  heated  with  potash-ley  and  hydrate 
of  baryta  to  120°,  only  as  much  as  corresponds  to  a  small  part  of  the 
nitrogen  it  contains,  forming  at  the  same  time  a  nitrogenous  humous 
substance.  It  dissolves  in  water,  aqueous  acids  and  alkalis,  gives 
rapidly  alterable  precipitates  with  platinum-  and  mercury- salts,  and 
reduces  ammoniacal  copper-salts.     (P.  Thenard.) 

18.  Glucose  is  decomposed  by  long  contact  with  alkalis,  cdkcdine 
earths,  and  some  metallic  oxides,  forming  glucic  acid.  (Pehgot.)  When 
glucose  is  heated  with  potash-ley,  the  solution  becomes  dark-brown, 
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evolves  a  smell  of  caramel  (Lowitz,  Heller),  and  contains,  besides  glucic 
acid,  Peligot's  m  el  as  sic  acid. 

When  an  alkaline  solution  of  lime  in  aqueous  glucose  is  allowed  to 
stand  for  some  time,  it  loses  its  alkaline  reaction  and  its  power  of 
giving  a  precipitate  with  carbonic  acid.  If  the  lime  is  removed  by 
means  of  oxalic  acid,  a  sour  unfermentable  liquid  remains,  containing 
glucic  acid  together  with  unaltered  sugar.  (Peligot.)  If  air  is 
excluded,  lime  forms  only  a  small  quantity  of  glucic  acid  from  glucose 
in  14  days,  at  the  same  temperature.  (Berzelius,  Jaliresher.  18,  279.) 
In  solutions  containing  alkaline  carbonates,  glucose  disappears,  when 
exposed  to  the  air,  more  quickly  in  proportion  as  they  are  more  dilute. 
(Barreswil,  N.  J.  Pharm.  17,  121 ;  J.  pr.  Chem.  50,  140.) 

Glucose  is  coloured  brown  when  heated  with  alkaline  carbonates, 
er  with  ammonia,  in  the  same  way  as  by  potash-ley,  but  not  when 
heated  with  alkahne  bicarbonates.  (Oottereau,  J.  chim.  mecl.  32,  39.) 
The  alkaline  reaction  of  potash-ley  is  completely  destroyed  when  it  is 
heated  with  a  sufficient  quantity  of  glucose  (Ilochstetter,  J.  pr.  Chem. 
29,  37);  when  1  at.  glucose  is  present  for  each  atom  of  alkali. 
(Dubrunfaut,  Compt.  rend.  32,  249.)  No  formic  acid  is  produced  in  this 
reaction.     (Mathey,  N.  Br.  Arch.  72,  289.) 

On  boiling  glucose  with  baryta-water  out  of  contact  with  air,  a 
colourless  distillate  is  obtained,  which  contains  acetone.  The  solution, 
which  is  at  first  wine-yellow,  becomes  dark  broAvn  by  ebuUition,  holds 
in  solution  a  brown  substance,  glucate  of  baryta,  and  a  baryta-salt 
whence  aceto-formic  acid  (C^H*0^,2II0)  may  be  obtained  by  distillation 
with  sulphuric  acid.  (Kawalier,  Wien.  Akad.  Ber.  30,  159  ;  J.  ])r. 
Chem.  74,  28;  Chem.  Gaz.  1858,  421.)  On  adding  to  glucose,  which  is 
kept  melted  in  a  water-bath,  a  hot  saturated  solution  of  baryta  (or 
potash-  or  soda- ley),  a  violent  action  takes  place,  heat  is  disengaged 
and  steam  evolved,  while  the  mass  becomes  brown,  but  still  however, 
contains  principally  glucic  acid.  If  the  heat  is  continued,  the  mass 
becomes  black,  and  hydrochloric  acid  then  precipitates  from  its  aqueous 
solution,  black  flocks  of  melassic  acid,  which  dissolve  easily  in  alcohol 
and  contain  61*9  p.  c.  C,  5*35  IL,  and  32*75  0.  (Peligot.)  Peligot's  opinion 
that  this  acid,  C^^H^OQio  (calculation  :  61-54  p.  c.  C,  4'27  H.),  is  identical  with 
Svanberg's  japonic  acidfrom  catechu  {Pogg.  .S9,  161)doesnotaccord  with  the  analyses. 

[Kr.]  Besides  this,  a  volatile  body  is  also  formed,  which  easily  reduces 
silver-salts.    (Peligot.) 

19.  A  thick  syrup  of  glucose  distilled  with  lime  yields  an  oil,  from 
which  metacetone  and  phorone  (xiii,  342)  can  be  obtained  by  fractional 
distillation.  (Lies-Bodart,  Compt.  rend.  43,  394 ;  Ann.  Pharm.  100,  354.) 

20.  Aqueous  glucose  heated  with  nitrate  of  harijta  to  180°,  for  48 
hours,  in  a  sealed  tube,  yields  a  body  which  is  insoluble  in  water  and 
contains  a  small  quantity  of  nitrogen ;  while  an  acid,  colourless  solu- 
tion remains,  which  quickly  colours  in  the  air,  and  contains  neither 
nitric  acid  nor  ammonia,  but  evolves  a  large  quantity  of  ammonia  when 
fused  at  a  red  heat  with  hydi'ate  of  baryta.  (P.  Thenard,  Bull.  Soc. 
Chim.  Paris,  1861,  61 ;  Compt.  rend.  52,  795.) 

21.  By  heating  aqueous  glucose  with  aqueous  carbonate  of  soda 
and  basic  nitrate  of  bismuth,  a  black-brown  liquid  and  grayish-brown 
precipitate  are  obtained   {KoiX^QV,  Jahrb.  pr.  Pharm.  22,19).     Glucose 
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can  be  detected  in  cane-sugar  or  in  urine  by  means  of  this  reaction  (Bottger,  /.  pr.  Chem, 
70,  432  ;  N.  J.  Pharm.  32,  371). 

22.  Crystallised  glucose,  evaporated  with  excess  of  oxide  of  lead, 
loses  11-14  p.c.  (10-4  p.c.  according  to  Guerin-Varry)  of  its  weight, 
but  the  residue  is  brown  and  smells  of  burnt  sugar  (Berzelius).  A 
mixture  of  crystallised  glucose  with  oxide  of  lead  loses  in  weight 
28  p.  c.  at  110°,  the  sugar  being  converted  into  melassic  acid  (Pehgot). 

23.  Ferric  sulphate  and  chloride  are  reduced  to  ferrous  salts  by  boil- 
ing with  aqueous  glucose  (Hiinefeld,  J".  ^;r.  Chem.  7,  44).  —  Ferric 
hydrate  is  reduced  in  the  cold,  still  more  easily  on  boiling  (Kuhlmann, 
Compt.  rend.  49,  257).  An  aqueous  mixture  of  6  pts.  tartaric  acid, 
240  pts.  crystallised  carbonate  of  soda,  and  5  or  6  parts  crystalHsed 
ferric  chloride,  if  heated  to  boihng,  filtered  hot,  and  then  mixed  with 
glucose,  becomes  darker  coloured  and  deposits  a  precipitate  contain- 
ing ferrous  oxide  (Lowenthal,  J.  pr.  Chem.  73,  71).  —  24.  A  concen- 
trated solution  of  glucose  mixed  with  nitrate  of  cobalt  and  a  small  quan- 
tity of  fused  caustic  potash,  remains  clear  on  boiling,  or,  if  very  con- 
centrated, deposits  a  hght-brown  precipitate  (Reich).     The  presence  of 

glucose  in  a  solution  of  cane-sugar  prevents  the  production  of  the  violet-blue  precipitate 
which  solutions  of  pure  cane-sugar  give  with  solutions  of  cobalt  and  potash  (Reich, 
/.  pr.  Chem.  43,  72). 

25.  Honey  evolves  carbonic  acid  when  brought  in  contact  with 
freshly  precipitated  hydrate  of  cupric  oxide  in  the  cold,  and  separates 
cuprous  oxide,  whence  hunms  may  be  extracted  by  carbonate  of  soda. 
The  same  decomposition  takes  place  more  rapidly,  but  with  separation 
of  metal,  when  the  mixture  is  heated  (Busch,  Ann.  Pharm.  4,  57). 
Glucose  behaves  like  cane-sugar  when  boiled  with  cupric  hydrate  and 
a  small  quantity  of  potash,  except  that  reduction  takes  place  more 
quickly  (Fohl,  J.  pr.  Chem.  63,  361).  —  A  concentrated  solution  of  glu- 
cose, mixed  with  an  equal  quantity  of  sulphate  of  copper,  acquires  an 
emerald-green  colour  when  warmed,  and  deposits  metallic  copper,  while 
the  supernatant  liquid  at  last  becomes  brown  (Pohl,  J.  pr.  Chem.  63, 
361).  Honey  reduces  metallic  copper  from  cupric  sulphate  or  m^ra^e 
when  heated,  dichloride  of  copper  from  cupric  chloride  (Buchnor,  Bepert,^ 
2,  1).  —  An  aqueous  solution  of  glucose  mixed  with  potash-ley  and  thei 
with  cup)ric  sulphate,  dissolves  the  cupric  hydrate  which  separates  at 
first,  wath  a  deep  blue  colour,  and  deposits  cuprous  oxide,  after  some' 
time  in  the  cold,  immediately  if  heated.  The  production  of  this  pre- 
cipitate makes  it  possible  to  detect  and  distinguish  from  cane-sugar, 
starch,  or  gum,  yoo-' o-o "o  P*.  glucose ;  by  the  reddish  coloration  of  th^ 
solution,  T.-o oi,-oo-o  P^-  glucose  can  be  detected  (Trommer,  Ann.  Phar 
39,  361).  Cotnp.  Guibourt  {N.  J.  Pharm.  13,  263).  Carbonic  acid  is  forme( 
during  the  reduction  (also  formic  acid  when  the  sugar  is  in  excess), 
together  with  a  pecuhar  acid,  resembling  humic  acid,  which  remains 
in  combhiation  with  the  alkali  (Mathey,  N.  Br.  Arch.  72,  289).  Under 
the  same  conditions,  1  at.  glucose  reduces  5  at.  cuprous  oxide  (formed 
from  10  at.  cupric  oxide)  from  a  solution  of  cupric  sulphate  mixed 
with  a  sufiicient  quantity  of  tartaric  acid  and  then  with  potash, — a 
solution  spoken  of  in  this  Handbook  as  potassio-tartrate  of  copper  or 
potassio-cup?ic  tartrate  (Comp.  p.  313). 

Honey,  in  contact  with  a  saturated  solution  of  verdigris  in  vinegar, 
causes,  in  the  cold,  an  evolution  of  carbonic  acid  which  begins  after. 
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12  hours  and  lasts  for  several  days,  and  at  the  same  time  (whether  in 
the  dark  or  in  sunlight)  separation  of  metallic  copper  mixed  with  a 
little  dioxide.  Cupric  acetate,  when  boiled  with  honey,  is  reduced 
only  to  dioxide,  which  is  precipitated,  for  the  most  part  mixed  with 
humus-like  substances.  A.  little  dioxide  remains  dissolved,  even  when 
all  the  acetic  acid  has  been  volatihsed  by  long-  boiling ;  it  must  there- 
fore be  in  combination  with  a  non-volatile  acid,  probably  humic  acid, 
which  exists  also  in  the  old  oxijmel  aeruginis  (Busch).  According  to 
Buchner,  honey  precipitates  cupric  acetate  only  under  the  influence  of 
light,  or  on  boiling.  See  also  Vogel  {Schw.  5,  80) ;  Baumann  {N.  Br.  Arch.  37, 
47). 

26.  Mercurous  nitrate  is  not  altered  by  aqueous  glucose  at  100" 
(Baumann).  —  27.  Glucose  throws  down  metallic  silver  from  aqueous 
nitrate  of  silver,  as  a  black  precipitate,  on  boiling ;  from  aqueous  am- 
monio-nitrate  of  silver,  as  a  dirty-grey  precipitate  (Baumann).  Ammo- 
niacal  glucose  throws  down  silver  as  a  metallic  mirror  from  aqueous 
silver-salts,  in  the  cold  or  when  heated  (Liebig).  The  metal  is  also 
separated  when  a  mixed  solution  of  nitrate  of  silver  and  glucose  is 
allowed  to  stand  for  14  days  (Schwertfeger,  Jahrh.  pr.  Pharm.  7,  292). 
A  solution  of  glucose,  mixed  with  carbonate  of  soda,  or  with  potash- 
ley,  reduces  chloride  of  silver  to  the  metallic  state  on  boiling ;  it  reduces 
carbonate  of  silver  even  at  66°— 70°  (Schiff,  Ann.  Pharm.  109,  m). 
On  heating-  glucose  with  oxide  of  silver  and  potash-ley,  oxahc  acid  is 
formed  (Liebig,  Ann.  Pharm.  113,  12). — 27.  Glucose  is  not  changed 
by  ebullition  with  aqueous  hichloride  of  platinum  (Baumann). 

28.  If  solution  of  glucose,  mixed  with  indigo,  or  with  solution  of 
indigo,  is  boiled,  and  carbonate  of  soda  dropped  in,  the  liquid  is  de- 
colorised by  the  conversion  of  the  indigo-blue  into  indigo-white 
(E.  Mulder,  N.  Br,  Arch.  95,  268). 

29.  An  aqueous  solution  of  1  pt.  red  prussiate  of  potash  mixed  with 
•^  pt.  potash -hydrate,  and  heated  to  60°  or  80°,  is  decolorised  when 
aqueous  glucose  is  dropped  in.  Inverse  sugar  behaves  in  the  same 
way,  but  cane-sugar  and  dextrin  prepared  by  roasting  (the  latter  not 
even  after  being  boiled  for  a  short  time  with  acids)  do  not  decolorise 
the  solution.  100  cc.  of  a  solution  containing  in  that  bulk  10-98  grms. 
red  prussiate  of  potash  and  5-|-  grms.  potash-hydrate  is  decolorised  by 
the  inverse-sugar  formed  from  1  grm.  of  cane-sugar  (Gentele,  Dingl. 
152,  68 ;  Chem.  Centr.  1859,  504 ;  Kopp's  Jahresber.  1859,  698).  Gentele 
employs  this  reaction  for  the  determination  of  glucose  and  inverse  sugar.  Loc. 
cit.;  further  Stammer's  objections  {Dingl.  158,40;  C hem.  Centr.  1860,  870),  and 
Gentele's  reply  {Dinc/l.  158,  427;   Chem.  Centr.  1861,  91).     See  also  p.  308). 

30.  Dextro-glucose  is  capable  of  undergoing  vinous  fermentation 
(p.  265).  —  It  is  not  thereby  first  converted  into  another  kind  of 
sugar,  certainly  not  into  Igevo-glucose ;  for  the  hquid  has,  at  every 
stage  of  the  process,  a  dextro-rotatory  power  proportional  to  the 
quantity  of  glucose  contained  in  it,  and  yields  crystals  of  glucose  by 
evaporation  (Ventzke,  J.  pr.  Chem.  25,  78 ;  Mitscherhch,  Pogg.  59,  94 ; 
N.J.Pharm.4:,21(j',  Dubrunfaut,  N.  Ann.  Chim.  Phys.  21,  171).— 
31.  In  the  lactous  fermentation  (p.  276)  of  dextro-glucose,  the  rotatory 
power  diminishes  constantly  in  the  proportion  corresponding  to  the 
quantity  of  acid  formed  (Dabrunfaut,  N.  Ann.  Chim,  Phjs.  21,  175).— 
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Erythrozym  acts  on  glucose  in  the  same  way  as  upon  sugar  (Schunck, 
J.pr.  Chem.  63,  222.  — See  also  p.  267). 

Left  to  itself  in  contact  with  chalk  and  cheese  (gelatin,  or  other 
nitrogenous  animal  substances)  at  40°,  for  weeks  or  months,  an  aqueous 
solution  of  glucose  is  capable,  according  to  Berthelot,  of  undergoing  a 
decomposition,  different  from  fermentation  properly  so-called  which 
takes  place  under  the  influence  of  yeast,  whereby  the  nitrogenous  sub- 
stance, as  well  as  the  sugar,  suffers  decomposition,  and  nitrogen, 
carbonic  acid,  and  hydrogen,  are  evolved,  while  alcohol,  and  butyrate 
and  lactate  of  lime  are  formed.  Yeast  is  not  produced  under  these 
circumstances,  unless  air  has  access  to  the  liquid.  In  other  cases,  cells 
resembling  yeast  make  their  appearance,  without  any  alcohol  being  pro- 
duced ;  so  that,  under  these  particular  conditions,  yeast  and  alcohol 
are  independent  of  each  other.  The  chalk  may  be  replaced  by  many 
other  carbonates.  —  50  grms.  glucose,  800'grms.  water,  50  grms.  chalk 
and  20  grms.  cheese,  left  to  stand  at  the  mean  temperature,  produced 
at  first  lactate  of  lime,  but  after  5  months  this  had  disappeared,  and 
the  liquid  contained  butyrate  of  lime  and  a  quantity  of  alcohol,  amount- 
ing to  2  p.  c.  of  the  glucose  used.  Alcohol  was  also  formed  after 
addition  of  fatty  oil,  or  of  oil  of  turpentine,  but  there  was  no  lactate  of 
lime ;  addition  of  sulphide  of  carbon  prevented  the  destruction  of  the 
sugar.  —  A  mixture  of  1  pt.  glucose,  10  pts.  water,  |  pt.  cheese,  and 
1  pt.  magnesia  alba  contained,  after  5  months,  alcohol,  lactate,  and  a 
small  quantity  of  butyrate  of  lime,  the  sugar  being  completely 
destroyed.  In  this  and  in  some  of  the  following  cases,  it  remained 
doubtful  whether  or  not  yeast  was  formed.  The  same  products  were 
formed  when  an  equal  quantity  of  carbonate  of  baryta  was  used 
instead  of  the  magnesia.  Alcohol  was  obtained  when  the  carbonates  of 
zinc,  manganese,  iron,  nickel,  and  lead,  or  peroxide  of  manganese, 
oxide  of  zinc,  cupric  oxide,  metallic  iron,  or  metallic  zinc  were  used 
instead  of  the  magnesia ;  with  oxide  of  lead  and  carbonate  of  copper, 
no  alcohol  was  obtained.  Alkaline  carbonates,  or  borate,  phosphate,  or 
hyposulphite  of  soda,  added  in  equal  quantity,  did  not  prevent  the  pro- 
duction of  alcohol.  By  caustic  soda,  the  sugar  was  destroyed  without 
yielding  alcohol ;  with  sulphite  of  soda  or  lime,  it  remained  unaltered. 
When  the  magnesia  was  replaced  by  carbonate  of  ammonia,  alcohol  was 
formed  at  the  same  time  as  a  peculiar  acid,  the  hme-salt  of  which  was 
dehquescent,  and  contained  at  110°,  36*6  p.  c.  carbon,  5-2  hydrogen, 
and  18'9  lime,  nearly  corresponding  to  the  formula  C^^H^Ca^O^^  (Ber- 
thelot, N.  Ann.  Chim.  Phys.  50,  351.  —  See  also  p.  279.) 

32.  If  oil  of  vitriol  is  gradually  added  to  aqueous  solution  of  ox- 
gall, until  the  precipitate  at  first  produced  is  re-dissolved,  the  liquid 
assumes,  on  addition  of  a  small  quantity  of  solution  of  glucose,  a  violet- 
red  colour,  similar  to  that  of  a  solution  of  permanganate  of  potash. 
Cane-sugar  and  starch  also  act  in  the  same  way.  (Pettenkofer,  Ann. 
Pharm.  52,  90.)  According  to  Pettenkofer,  this  reaction  is  applicable  to  the  detec- 
tion of  sugar  in  urine,  and  also  in  blood,  after  removal  of  albumin  by  boiling  with 
alcohol,  —  Many  other  protein-compounds,  likewise  oil-fat,  oil  of  almonds, 
and  many  other  oils,  behave  like  gall.  (M.  S.  Schultze,  ^?2/i.  Pharm.  71, 
266.)  The  extractive  matter  of  healthy  urine  employed  in  place  of 
sugar,  produces  the  same  coloration,  which  may  sometimes  be  obtained 
with  ox- gall,  oil  of  vitriol  and  a  small  quantity  of  water  only.  (Van 
den  Brock,  /.  pr.  Chem.  39,  362.)     %.  According  to  Schunck  {Phil  Mag, 
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[4],  23,  179)  the  extractive  matters  contained  in  healthy  urine  yield, 
when  decomposed  in  aqueous  solution  by  means  of  strong  acids,  a 
sugar  possessing  the  composition  and  some  of  the  properties  of  glucose, 
but  uncrystalHsed  and  insipid.     %. 

Concerning  the  supposed  formation  of  fat  from  sugar  by  means  of  bile,  see  Hand- 
buck,  viii,  Zooche7n.  bS  ;  Merckel  (Ann.  Pharm.  59,  74;  J.  pr.  Chem.  40,  118); 
^c\i\e\  {Ann.  P harm.  58,  96);  Herzog  (iV^.  Br.  Arch.  47,  149). — On  the  decompo- 
sition of  sugar  by  saliva  see  Handbuch,  viii,  Zoochem.  23  ;  by  the  intestinal  juice, 
ibid.  92  ;  by  the  pancreatic  juice,  ibid.  89,  and  during  digestion,  ibid.  580,  and  else- 
where. 

Comlinations.  With  Water. — Melted  glucose  deliquesces  at  first  when 
exposed  to  the  air  by  absorption  of  water  (7*9  p.  c. :  Guerin-Varry)  and 
SoUdifies,  as  soon  as  the  quantity  of  water  is  sufficient  for  the  formation 
of  crystals,  to  a  crystalline,  granular  mass.  (Gehlen,  Mitscherlich). 
G-lucose  dried  without  being  melted,  absorbs  no  water  when  exposed  to 
the  air.  (Bechamp,  Compt.  rend.  42,  900).  — The  crystals  of  anhydrous 
glucose,  obtained  from  alcohol,  if  dissolved  in  a  small  quantity  of  water 
and  evaporated  over  oil  of  vitriol,  are  found  to  have  taken  up  a  quantity 
of  water  amounting  to  only  3"1  p.  c,  of  their  weight.  Anhydrous  glucose 
appears,  therefore,  capable  of  existing  for  some  time  in  aqueous  solu- 
tion. (0.  Schmidt).  An  aqueous  solution  evaporated  to  a  thin  syrup 
solidifies  after  a  few  days  to  a  granular  mass  ;  if  evaporated  to  a  thick 
syrup,  it  does  not  solidify,  owing  to  the  absence  of  sufficient  water, 
until  it  has  absorbed  more  water  from  the  air. 

a.  Mono-hydrated  glucose.  Anthon's  hard-crystallised  glucose  —  Pre- 
pared on  the  manufacturing  scale  by  a  process  that  is  kept  secret. 
In  the  crystallised  state,  air-dried,  it  contains  C^-ff^O^^HO,  and  does 
not  diminish  in  weight  when  placed  over  oil  of  vitriol  at  13°.  (Anthon, 
Dingl.  151,  213 ;  Chem.  Centr.  1859,  289.) 

b.  Bi-hydrated glucose.  Crystallised  glucose.  —  Generally  obtained  in 
white,  opaque,  granular  hemispherical  or  cauliflower- shaped  masses, 
with  occasional  shining  surfaces.  The  crystals  are  seen  under  a  mag- 
nifying glass  to  be  6-sided  tables,  whose  lateral  faces  cut  each  other 
at  angles  of  about  120°.  They  are  not,  like  the  similar  crystals  of 
lactose,  pea-shaped  and  thicker  in  the  middle,  and  are  not  so  hard 
as  the  latter,  but  more  brittle,  and  less  frequently  isolated  and  well  de- 
veloped. (Pasteur,  Compt.  rend.  42,  349). — Mitscherlich  obtained  on  one 
occasion  transparent  well-formed  crystals,  as  much  as  0*5  millim. 
long  (bi-hydrated?),  which  shewed  double  refraction.  (Biot,  Compt. 
rend.  23,  909).-Grates  between  the  teeth.  Brittle.  Sp.  gr.  1'3861. 
(Guerin). 

Becomes  soft  at  60°,  softer  still  at  65°,  losing  a  small  quantity 
of  water;  at  70°  it  becomes  doughy;  at  90°  — 100°  it  dehquesces  to  a 
thin  syrup,  and  loses  in  all  9*8  p.  c.  water.  (Guerin-Varry).  It  melts 
between  70°  and  80°,  if  dried  in  vacuo  between  90°  and  100°  (Bechamp), 
at  86°  (0.  Schmidt),  loses  9  —  9*1  p.  c.  water  (by  calculation,  2  at.  = 
9*09  p.  c.  water).  (Peligot.)  In  a  stream  of  dry  air,  it  loses  only  hygro- 
scopic water  at  50°,  but  between  55°  and  60°,  part  of  its  water  of 
crystallisation,  and,  if  kept  at  this  temperature  for  a  few  hours,  it  may 
be  heated  to  80°  or  100°  witliout  melting.  (Bechamp,  Compt.  rend, 
42,  898.) 

Y  2 


824 


CARBO-HYDRATES  Cm^'O'K 


12  C  

Crystals, 
72     .... 

36-36 

14  H 

14     ... 

7-07 

U  O  

112     ... 

56-57 

Saussure.  Prout.  Guerin. 

from  Gra])es,    from  Honey,  from  Starch. 

,    .     36-71     36-36     3630 

6-78     7-07     7-20 

56-51     50-57     56-50 


Ci2Hi20i2^2HO  ....  198     ....  100-00     100-00     10000     10000 

Many  other  chemists  have  also  analysed  bi-hydrated  glucose. 

c.  Aqueous  solution.  —  Amorphous  melted  glucose  dissolves  in  water 
in  all  proportions.  (Bechamp.)  —  The  concentrated  solution  has  not  the 
elasticity  and  ropiness  of  cane-sugar  syrup.  Crystallised  glucose  dis- 
solves quickly  at  first  when  covered  with  water,  but  afterwards  more 
Blowly,  so  that  the  density  of  the  solution  becomes  constant  only  after 
several  days'  standing,  with  frequent  shaking.  The  saturated  solution 
contains  44-96  p.  c.  anhydrous  glucose  ;  its  sp.  gr.  at  15°  is  1*206,  at 
17*5°  it  is  1*2055,  If  povrdered  glucose  is  shaken  with  a  quantity  of 
water  insufficient  for  complete  solution,  the  sp.  gr.  of  the  solution  is 
1-201  after  36  hours,  1*202  after  50  hours,  1*205  after  74  hours,  and 
1*206  after  98  hours,  and  remains  constant  at  this  point.  Accordingly, 
at  15°,  1  pt.  anhydrous  glucose  dissolves  in  1*224  pts.  water,  1  pt. 
monohydrated  glucose  in  1*119  pt.  water,  or  1  pt.  bi-hydrated  glucose 
in  1*022  pt.  water;  but  glucose  dissolves  more  freely  if  it  contains 
foreign  substances,  and  by  dissolving  hard-crystaUised  glucose  in  an 
equal  quantity  of  (warm)  water,  a  solution  of  sp.  gr.  1*221  at  17*5°  is 
obtained.  (Anthon,  Dingl  151,  213  ;  Chem.  Centr.  1859,  289.)  The 
solution  of  20  grms.  crytallised  glucose  in  -^  litre  water  cools  the 
water  4°  (Dubrunfaut,  Compt.  rend.  23,  42);  1*2  kilog.  dissolved  in 
2*5  kilogs.  water  cooled  it  6°,  and  210  grms.  dissolved  in  400  grms. 
water  lowered  its  temperature  5*25°.  (Pohl,  Wien.  Alcad.  Ber.  6,  598.) 
—The  specific  gravity  of  solutions  of  glucose  is  about  the  same  as  that 
of  solutions  of  cane-sugar  containing  equivalent  quantities  of  sugar. 

Table  of  the  quantities  of  A nh/drous  Glucose  contained  in  aqueous  solutions 
of  Glucose.  Calculated  by  Pohl  (Wie7i.  Akad.  Ber,  11,  664)  from 
Graham,  Hofmann,  &  Redwood's  determinations  :  — 


Quantity  of  anhydr. 
glucose  in  100  pts.  solution. 
2 

Sp.  gr.  of 
solution. 

1-0072 
1-0200 
1-0275 
1-0406 
1-0480 

Quan 
glucose  in 

tity  of  ai 
100  pts 

15.... 

17.... 
20.... 
22.... 
25.... 

ihydr. 
solution. 

Sp.  gr.  of 
solution. 

1-0616 

6 

7 

10 

12 

1-0693 
1-0831 
1-0909 
1-1021 

With  Salifiable  Bases.  —  Dextro-glucose  forms  with  the  alkalis, 
alkaline  earths,  and  oxide  of  lead,  compounds  which  are  more  easily  de- 
composed than  the  compounds  of  cane-sugar.  Aqueous  glucose  takes 
up  a  large  quantity  of.  baryta,  strontia,  or  lime,  and  forms  yellov/ 
solutions,  precipitable  by  alcohol,  which,  even  when  protected  from  the 
air,  become  darker,  and  are  decomposed  when  kept  (according  to  p.  318) 
or  when  heated.  Their  taste  is  bitter  and  slightly  alkahne,  and,  when 
evaporated  in  vacuo,  they  leave  a  transparent,  brittle  mass,  which 
(sometimes :  Peligot)  contains  unaltered  glucose.     (Berzelius,  Pehgot.) 

Potash-Qompound. — Dutch  syrup  shaken  for  some  time  with  8  pts. 
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absolute  alcohol,  the  solution  being  decolorised  by  animal  charcoal  and 
mixed  with  alcoholic  potash,  yields  white  crystals,  which,  in  absence  of 
free  alkali,  may  be  recrystallised  from  hot  alcohol.  (Winckler,  Jalirh. 
iw.  Pharm.  18,  100.)  If  free  alkali  is  present,  the  alcoholic  solution 
becomes  brown  when  heated  in  the  air.  Winckler  likewise  obtained 
this  compound  from  horse-radish  sugar.  On  the  preparation  of  glucosate  of 
potash  from  urine,  see  p.  312. 

Soda-compound.  —  Obtained  like  the  potash-compound.  (Winckler.) 
—  With  borax,  glucose  behaves  like  cane-sugar  (p.  284).  (Stiirenberg, 
N.Br. Arch.  18,  279.) 

Glucose  with  Chloride  of  Sodium.  —  Dextro-glucose  forms  two  or  more 
compounds  with  chloride  of  sodium.  (Stadeler.)  The  rotatory  power 
of  glucose  is  not  altered  by  addition  of  chloride  of  sodium  to  its  solu- 
tion.    (Pasteur.) 

a.  With  more  than  1  at.  Chloride  of  Sodium. — By  evaporating  diabetic 
urine,  saturated  with  common  salt,  very  small  crystals  are  sometimes 
obtained,  w^hich  contain  1 — \^  p.  c.  water,  and  more  chloride  of  sodium 
than  the  crystals  of  5,  corresponding  nearly  to  the  formula 
Ci2Hi20i2^2NaCl.  (Stadeler,  Ziiricher  Mitth.  3,  468;  Pharm.  Centr, 
1854,  930.) 

b.  With  1  at.  Chloride  of  Sodium.  —  Calloud  obtained  from  glucose 
and  common  salt,  crystals  containing  25  p.  c.  chloride  of  sodium,  the 
existence  of  which  was  afterwards  called  into  question.  —  The  slow 
evaporation  of  diabetic  urine  saturated  v/ith  common  salt  furnishes  well- 
formed  crystals,  but  without  sufficient  lustre  to  admit  of  measurement. 
They  contain  on  an  average,  23 "01  p.  c.  chloride  of  sodium,  and  lose 
3-35  p.  c.  water  at  130°.     (Stadeler.) 

Stadeler. 
Crystals.  mean. 

12  C 72     29-09     28-81 

13  H 13     5-25     5-30 

13  0 104      42-02     42-88 

NaCl  68-5  23-64     23-01 

Ci2Hi20i2,NaCl,HO....  247*5  100-00     100-00 

Instead  of  the  crystals  of  b,  crystals  are  sometimes  obtained  containing  between 
1  and  2  at.  glucose  to  1  at.  chloride  of  sodium  :  probably  because  the  compounds 
h  and  c  crystallise  together.     (Stadeler.) 

c.  With  1  at.  Chloride  of  Sodium.  —  Discovered  by  Calloud  {J.  Pharm. 
11,  562;  Schw.^%  337  ;  Mag.  Pharm.  11,  257).  Crystallises  out  when 
diabetic  urine  is  evaporated,  also  from  solutions  containing  1  at.,  or 
less,  of  chloride  of  sodium  to  2  at.  glucose  ;  according  to  Brunner,  from 
solutions  of  glucose  saturated  with  chloride  of  sodium.  When  a  layer 
of  ether-alcohol  is  poured  upon  diabetic-urine  syrup,  and  the  whole 
allowed  to  stand  quietly,  transparent  crystals  of  this  compound  are 
obtained.  (Hiinefeld,  J.  pr.  Cham.  7,  46.)  Glucose  from  diabetic 
lu-ine  yields  this  compound  far  more  easily  than  glucose  of  different 
origii).  (Erdmann  <fe  Lehmann.)  Purified  by  crystallisation  from 
water  at  the  common  temperature.     (Brunner.) 

Transparent,  colourless,  lustrous  crystals,  attaining  half  an  inch  in 
length,  beloDging,  according  to  Pasteur,  to  the  right  prismatic  or  rhombic 
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system.  (Fig.  65.)  Rhombic  prism  u  of  120°  12',  the  acute  lateral  edges 
being  trmicated  by  ^.  t:u  =  119°  54'.  The  summit  is  formed  by  the 
rhombic  octahedron,  cc  and  the  dome  /;  the  rhombohedron  q  belongs  to 
an  imperfectly  developed  obtuse  rhombic  octahedron.  In  favour  of  this 
view  (and  in  opposition  to  Kobell  &  Schabus's  opinion)  is  the  fact  that 
the  crystals  are  not,  as  is  the  case  with  crystals  belonging  to  the  hex- 
agonal system,  optically  uniaxial,  and  also  that  their  solution  possesses 
rotatory  power.  (Pasteur.  —  See  v.  Kobell's  reply,  J.  pr.  Chem.  69, 
217).  —  According  to  von  Kobell  &  Schabus,  the  crystals  are  rhombe- 
hedrons  belonging  to  the  hexagonal  system.  Dihexahedric  combina- 
tions of  two  rhombohedrons  {Fig.  131),  the  faces  r,  and  those  similarly 
situated,  being  but  slightly  developed ;  a  more  obtuse  rliombohedron  q 
forms,  by  perpendicular  truncation  of  the  combination-edge  r  :  n  and  of 
the  corresponding  edges,  a  three-faced  summit  imposed  on  the  alternate 
faces  of  the  dihexahedron ;  the  combination-edge  r-2 :  i\  and  the  corre- 
sponding edges  are  truncated  by  the  six-sided  prism  s  {Fig.  139).  Schabus 
observed  also  the  basal  faces  p.  Crystals  of  another  habitus  showed 
him  the  two  rhombohedrons  {Fig.  131)  more  equally  developed,  the 
horizontal  edges  being  truncated  by  (7,  and  the  2-  and  2-edged  summits 
truncated  by  s.  r:r2  =  77°  42'  (Schabus) ;  r :  r'  =  126°  40°  (Schabus) ; 
r':r4  =  126°  30'  (Kobell),  127°  30'  (Schabus);  r':  (7  =  161°  30' 
(Kobell.)  The  crystals  examined  by  Schabus  were  from  diabetic  urine 
and  were  brown,  opaque,  and  had  no  perfectly  plane  faces.  (Kobell, 
Mepert.  35,  411;  J.  p)r.  Chem.  28,  489. — Schabus,  Krystallgestalten, 
Wien,  1855,  21,  erroneously  called  glucose.  — Pasteur,  N.Ann.  Chim.  Phys. 
31,  9b',  —  Compt.  rend.  42,  350.— See  also  Marx,  Scliw.  52,  479; 
Studer,  Ann.  Pharm.  14,  314. 

Molecular  rotation  to  the  right  [a]  J  =  47*14°,  corresponding  to 
the  quantity  of  glucose  cont/ained  in  the  compound.  In  a  freshly  pre- 
pared solution,  it  exhibits,  hke  glucose,  birotation  (p.  314)  (Pasteur.) 
—  Sp.  gr.  1-56  — 1-58  (Hunt,  Sill.  am.  J.  [2]  19,  416.)  Hardness  like 
that  of  sugar-candy.     Taste  sweet  and  saline. 

The  crystals  contain  water  and  are  permanent  in  the  air,  but; 
become  opaque  by  standing  over  oil  of  vitriol  ;  they  then  lose  gradually, 
more  quickly  if  powdered,  2  at.  water  (on  an  average  4*34  p.  c. :  Erd~ 
mann  ^  Lehmann).  They  lose  their  water  still  more  quickly  in  a 
stream  of  air  ac).'*100°.  (Erdmann  &  Lehmann,  Soubeiran.)  This  com- 
pound loses  6  p.  c.  water  at  160°  in  vacuo  (Pehgot),  but  begins  to  be 
decomposed  even  at  140°  ;  at  150°  it  evolves  a  distinct  smell  of  caramel, 
and  at  156° — 160°  becomes  brown  (Erdmann,  J.pr.  Chem.  16,  247). — 
Dissolves  easily  in  water ;  very  difficultly  (Brunner),  easily  (Calloud), 
soluble  in  alcohol. — (Peligot,  Ann.  Chim.  Phys.  67,  143. — Brunner, 
Ann.  Pharm.  31,  195.  —  Erdmann  &  Lehmann,  J.pr.  Chem.  13,  111. — 
Soubeu-an,  N.  J.  Pharm.  9,  332). 


24  C 

Crystals. 
.   144 
.     26 
.  208 
.     58-5     . 

...     32-99     . 
...       5-95     . 
..     47-66     . 
...     13-40     . 

Peligot. 

mean. 
...  32-S2 
...  5-95 
...  48-23 
...     13-00 

Soubeiran. 

....     5-95 
....  13-30 

Erdmann 
&  Lehmann. 

26  H 

26  O 

NaCl    

13-33 

2C'5Hi20i2,NaCl  + 

2H0 

436-5     . 

.,  100-00     . 

..  100-00 
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Erdmann 

Soubeiran. 

Brunner. 

Dried, 

&  Lehmann. 

mean. 

24  C 

...  144 

...     34-41 

....     34-37 

24  H 

...     24 

..       b'7:i 

....       5-84     ... 

....     5-77 

24  0 

...   192 

..     45-8H 

....     45-85 

NaCl    

...     58-5     . 

..     13-98 

....     13-94     .... 

.... 

..     13-93 

2Ci-Hi20i2,NaCl 

...  418-5     . 

...  10000 

....  100-00 

For  Brunner's  first  analyses,  see  Ann.  Pharm.  14j  313;  Poffff.  31,  319.  From 
them  Liebig  {A7in.  Pharm.  14,  317)  and  Berzelius  {Jahresher.  Ki,  211)  calculated  the 
above  formula.  Stiideler,  taking  into  account  the  composition  of  the  compound  h, 
regards  the  formula  Ci^Hi^O^^^NaCljHO  +  C'2Hi20^S2HO  as  more  probable.  Peligot 
ascribes  to  the  dry  compound  the  formula  C-^H*^0^'*,NaCl. 

Baryta-compounds.  —  a.  Two-thirds  ?  A  solution  of  glucose  in  wood- 
spirit  is  mixed  with  a  solution  of  baryta  (not  in  excess)  in  aqueous 
wood-spirit ;  the  precipitate  is  washed  with  wood-spirit  and  dried  in 
vacuo,  first  over  quicklime,  then  over  oil  of  vitriol.  (Peligot.)  Sou- 
beiran precipitated  a  mixture  of  baryta-water  and  excess  of  glucose 
with  alcohol.  —  Acquires  a  bright  yellow  colour  at  100°  in  vacuo,  with- 
out undergoing  further  alteration;  at  a  higher  temperature,  it  froths  up 
and  chars.     (Pehgot.) 


A 

ccording  to  Peligot. 

Peligot. 
7nean, 

24  C 

144        

2302     . 

23-5 

28  H 

28        

4-48     . 

4-5 

28  0 

224        

35-81     . 

36-7 

3  BaO... 

229-5     

36-69     . 

35-3 

C24ll28o28^3BaO 

625-5     

100-00     . 

100-0 

According  to  Soubeiran. 

Soubeiran. 

mean. 

24  C 

144        

24-41     . 

24-9 

24  H 

24        

4-07     . 

4-3 

24  O 

192        

32-54 

3  BaO... 

229-5     

38-98 

C24H24024^3BaO 

589-5     

100-00 

Soubeiran  dried  his  substance  for  3  months  in  vacuo.  Peligot  found  on  one  occasion 
37  p.  c.  baryta.  He  appears  to  have  dried  his  substance  at  100°,  and  to  have  burned  it 
with  oxide  of  copper,  wliereby  some  of  the  carbonic  acid  must  have  remained  with  the 
baryta. 

b.  1  at.  :1  at.  —  Alcohohc  hydrate  of  baryta  is  added  to  excess  of 
glucose  dissolved  in  alcohol,  the  precipitate  is  washed  with  strong- 
alcohol,  and  dried  in  vacuo  over  sulphuric  acid.  —  A  nearly  white,  loose 
powder,  of  a  caustic  taste  ;  easily  soluble  in  water.  (W.  Mayer,  Ann, 
Pharm.  83,  138.) 

W.  Mayer. 

12  C  72        29-09     28-83 

11  H  11        4-44     4-73 

11  O      88        35-56     35-41 

BaO  76-5     3091     31-03 

Ci3H»0",BaO    247-5     lOO'OO     lOO'OO 

Mayer  prepared  the  compound  from  glucose  obtained  bjr  the  decomposition  of  con- 
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volvuUn  and  convolvulic  acid,  but  ordinary  glucose  gave  the  same  compound  and  not 
the  compound  a. 

Lime- compound.  —  A  freslily  prepared  solution  of  hydrate  of  lime  in 
aqueous  glucose  is  precipitated  with  alcohol.  (Peligot.)  Soubeiran 
agitates  glucose  with  milk  of  lime,  adds  a  small  quantity  of  glucose 
to  the  filtrate  to  neutralise  the  excess  of  lime,  and  precipitates  with 
alcohol.  It  does  not  become  perfectly  dry  till  it  has  stood  a  longtime 
in  vacuo.     (Soubeiran.) 


Soubeiran. 

In 

vacuo. 

mean. 

12  C  

72     

12     

...     30-51     .. 
...       5-09     .. 

30-25 

12 

H 

5-06 

12 

O 

96     

...     40-67     .. 

41-24 

2 

CaO 

66     

...     23-73     .. 

.  ...     23-45 

Ci-2Hi20i2,2CaO  ...  236     100-00     lOO'OO 

C24H2802s,3CaO,  according  to  Peligot.     Berzelius  found  24*26  p.  c.  lime. 

Lead- compounds.  —  Aqueous  glucose  dissolves  oxide  of  lead  (but 
slightly  on  boiling :  Guerin-  Varry)^  forming  at  the  same  time,  though 
with  difficulty,  an  insoluble  basic  compound,  which  becomes  brown  and 
is  decomposed  even  below  100°.  (Berzelius  Lehrh.  3  Aufl.  6,  434). 
Glucose  is  decomposed  when  heated  with  oxide  of  lead :  see  above, 
p.  319.  Aqueous  glucose  gives  no  precipitate  with  either  neutral  or 
basic  acetate  of  lead  ;  the  precipitate  caused  by  ammonia  in  a  solution 
of  sugar  of  lead,  yields,  when  dissolved  in  water  by  heat,  no  precipi- 
tate in  an  aqueous  solution  of  glucose,  but,  in  an  alcoholic  solution,  a 
precipitate  which  is  soluble  in  water.  (Pay en,  Anji.  Chim.  Phjs.  65, 
241.)  —  The  precipitate  prc/duced  in  aqueous  glucose  by  ammoniacal 
sugar  of  lead  becomes  red  when  the  liquid  is  left  to  stand,  and  still 
more  so  when  it  is  warmed.  A  red  precipitate  is  likewise  produced 
when  aqueous  glucose  is  boiled  with  basic  acetate  of  lead,  then  heated 
with  alcohol  and  left  to  cool.     (0.  Schmidt.) 

a.  Quadribasic.  —  25  pts.  aqueous  ammonia  is  added  to  the  mixed 
solution  of  20  pts.  dextro-glucose  (or  inverse  sugar,  according  to 
Soubeiran)  and  35  pts.  neutral  acetate  of  lead  in  400  pts.  water,  and 
the  precipitate  is  dried,  first  in  vacuo,  then  at  100°  (Soubeiran). 


12  C    

8  H    

8  O    

.     72     ... 

.       8    ... 

.     64     .... 

448     .... 

....     12-16     . 
....       1-35     . 
....     10-81     .. 

....     75-68     .. 

Soubeiran. 

11-98 

1-36 

4  PbO  

73  to  75 

C12H8pb^012.. 

.  592     ... 

100-00 

b.  Terhasic.  Ammoniacal  sugar  of  lead  is  added  to  excess  of  glu- 
cose-solution, till  the  precipitate,  which  disappears  at  first,  becomes 
permanent.  The  white  precipitate  washed  out  of  contact  with  car- 
bonic acid,  and  dried  in  vacuo,  turns  yellow  at  150°  without  further 
alteration  (Pehgot). 
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Peligot.  Stein. 

12  C 72     ....     14-20     ....     14-0     14-1 

11   H 11     ....       2-17     ....       2-1     2-1 

11   0 88     ....     17-36      ...     17-7     17-8 

3  PbO    336     ....     66-27     ....     66-2     66-0 

Ci2HiiO",3PbO    ....  507     ....  lOO'OO     ....  100-0     100-0 

So  according  to  Stein  (Ann.  Pharm.  30,  84)  ;  according  to  Peligot,  it  is 
C-'*H2' 0-^6 PbO.  Soubeiran  always  obtained  the  compound  a,  whatever  process  he 
adopted. 

Glucose  prevents  the  precipitation  of  sesquichloride  of  iron  by 
alkalis  and  other  reagents  (Rose). 

Dextro-glucose  is  soluble  in  cold,  and  still  more  in  hot  alcohol. 
Added,  in  the  pulverised  state,  to  alcohol  at  the  temperature  of  IT'S'', 
1  pt.  (nearly)  of  anhydrous  glucose  dissolves  in  50*2  pts.  alcohol  of 
sp.  gr.  0-837,  in  9-7  pts.  alcohol  of  0*880,  in  4-6  pts.  alcohol  of  0*91,  in 
1-7  pts.  alcohol  of  0*95.  The  solution,  left  to  itself  for  some  days, 
deposits  so  much  of  the  glucose,  that  1  pt.  remains  dissolved  in 
50-54  pts.,  11*34  pts.,  5-25  pts.,  and  2*07  pts.  of  alcohol  of  the  specific 
gravities  above-mentioned.  —  On  boihng  the  alcohol,  1  pt.  of  anhy- 
drous glucose  dissolves  in  4*6  pts.  alcohol  of  sp.  gr.  0*837,  or  in  0*73 
pt.  alcohol  of  sp.  gr.  0*88;  on  leaving  the  solution  to  cool,  part 
of  the  glucose  crystallises  out,  but  the  quantity  remaining  in  solution 
is  greater  than  the  same  alcohol  would  have  taken  up  by  agitation  at 
lower  temperatures,  so  that  after  6  days,  100  pts.  of  the  solution  pre- 
pared with  alcohol  of  sp.  g.  0*837,  retains  2*9  pts.,  and  100  pts.  of  the 
solution  prepared  with  alcohol  of  sp.  gr.  0*88  retains  12*4  pts.  of  anhy- 
di'ous  glucose  (Anthon,  Chem.  Centr.  1860,  292). 

The  crystals  which  separate  by  cooling  or  evaporation  are  anhy- 
drous, or  hydrated  according  to  the  strength  of  the  alcohol.  They 
retain  alcohol  obstinately ;  so  that  it  is  perceptible  to  the  taste  even 
after  16  years  (Berzelius,  Lehrh.  3  Aufl.  6,  434).  A  similar  observa- 
tion was  made  by  Guerin-Van-y.  When  anhydrous  glucose  is  heated 
with  an  equal  quantity  of  alcohol  of  sp.  gr.  0*95,  the  temperature  sinks 
5  degrees  (Anthon). 

From  an  alcoholic  solution  of  glucose,  ether  precipitates  a  thick 
syrup  (Dobereiner,  Ann.  Fharm,  14,  249),  a  ciystalline  powder  (Hiine- 
feld,  J.pr.  Chem,  7,  44). 


Appendix  to  Dextro-glucose. 

Glucosan 

C24H80O20  or  C"H»oO»" 

G^Lis.     Compt.  rend.  51,  331 ;  abstr.  Zeitsch.  Ch.  Pharm.  4,  57. 

Glucose,  dried  between  100°  and  110°,  gives  off  water  at  170", 
becoming  coloured  at  the  same  time,  and  is  converted  into  glucosan, 
with  which,  however,  small  quantities  of  caramel  and  unaltered  sugar 
remain  mixed,  the  latter  removable  by  yeast,  the  former  by  charcoal. 
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Colourless  mass,  scarcely  sweet  to  the  taste.  Turns  the  plane  of 
polarisation  to  the  right,  somewhat  less  strongly  than  dextro-glucose. 

Does  not  ferment  immediately,  but  only  after  being  treated  with 
dilute  acids,  which  convert  it  into  glucose. 


Conjugated  Compounds  of  Dextro-glucose. 

Sulphosaccharic  Acid. 

Peligot.     Ann.  Chim.  Phys.  67,  1G8. 

TraubenzucTcer-scTiwpfehdiire.  Acide  tetraglucososulplmrique  (Berthelot,  Chim. 
organ.  2,  280).  See  page  318.  On  Sulphamidonic  acid  see  page  104  ;  and  on  Sulpho- 
lignic  or  Lignosulphuric  acid,  page  164.  —  Known  only  in  combination  with  water  or 
with  bases. 

1\  pt.  oil  of  vitriol  is  added,  by  small  portions,  to  1  pt.  of  glucose 
melted  at  the  heat  of  the  water-bath,  the  mixture  being  continually 
stirred,  and  the  vessel,  if  necessary,  plunged  into  cold  water.  If  the 
glucose  is  impure,  or  the  heat  rises  too  high,  the  product  becomes 
somewhat  brown,  which,  however,  does  not  affect  the  purity  of  the 
lead-salt.  The  mixture,  diffused  in  a  large  quantity  of  water,  is  satu- 
rated with  carbonate  of  lime ;  acetate  of  baryta  is  added  to  the  filtrate 
as  long  as  a  precipitate  of  sulphate  of  baryta  is  thereby  produced,  and 
the  liquid  again  filtered,  is  ^precipitated  with  basic  acetate  of  lead.  If 
the  Hquid,  after  precipitation  with  acetate  of  baryta,  still  remains 
brown,  the  colouring  matter  is  removed  by  a  small  quantity  of  basic 
acetate  of  lead,  and  the  pure  salt  is  precipitated  from  the  filtrate  by  a 
larger  quantity.  The  precipitate,  washed,  and  decomposed  under; 
water  with  hydrosulphuric  acid,  yields  aqueous  sulphosaccharic  acid, 
which  tastes  at  the  same  time  sour  and  sweet,  reddens  litmus,  decom- 
poses when  evaporated  in  vacuo,  and  more  quickly  over  the  water- 
bath,  into  glucose  and  sulphuric  acid,  and  forms  salts,  almost  all  of 
which  are  soluble. 


Peligot. 

Lead.salt  at  170°. 

mean. 

48  C  .... 

288     .. 

..     17-74     .... 

18-16 

40  H.... 

40     .. 

..       2-46     .... 

2-49 

40  0.... 

320     .. 

..     19-70     .... 

2  S03 

80     .. 

..       4-93     .... 

4-50 

8  PbO 

896     .. 

..     55-17     .... 

....     53-2  to  55-3 

C48H-ioo«2S03,8PbO 1624     ....  lOO'OO 
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Ethyl-glucose. 

C20H18O10  =  C^2PP0^2C*H»0. 

Bekthelot.     N.  Ann.  Chim.  Phjs,  60,  103  ;  Chim.  organ.  2,  301. 

Glucovinester.  Produced  from  1  at.  dextro-glucose  and  2  at.  alcohol, 
with  elimination  of  6  at.  water : 

C12H12012  +  2C^H602=  C20H18O10  +  6H0. 

A  mixtm'e  of  cane-sugar,  bromide  of  ethyl,  and  hydrate  of  potash 
is  heated  in  a  sealed  tube  to  100°  for  several  days,  and  the  product, 
when  cold,  is  treated  with  ether ;  ethyl-glucose  is  thereby  dissolved, 
and  may  be  obtained  by  evaporation  as  a  colourless  oil.  —  Has  a  bitter 
taste  and  a  faint,  agreeable  odour.     Not  volatile. 


Berthelot. 

20  C 

120     . 

...     55-0     .. 

54-9 

18  H 

18     ., 

...       8-2     .. 

7-6 

10  O 

80     . 

...     36-8     .. 

37-5 

C20H18O10  

218     . 

...  1000     .. 

100-0 

Resolved  by  heating  with  dilute  sulphuric  acid  into  alcohol  and 
dextro-glucose. — From  potassio-cupric  tartrate  it  reduces  cuprous  oxide. 

Nearly  insoluble  in  water.  —  From  the  ethereal  solution  it  is  almost 
completely  precipitated  by  animal  charcoal.  (Berthelot). 


Hexaceto-glucose. 

Berthelot.     N.  Ann.  Chim.  Phys.  60,  98 ;   Chim.  organ.  2,  275. 

Glucose  acetiqne.     A  monosaccharide  of  the  sixth  order  (p.  317). 

Obtained  by  heating  glacial  acetic  acid  with  dextro-glucose  or  cane- 
sugar  to  100°  for  50  hours,  and  purified  like  bibutyro- glucose  (p.  332). 

—  Trehalose  and  starch  at  180°,  and  dextrin  at  100°,  form  with  acetic  acid  compounds 
similar  to  or  identical  with  this. 

Pale  yellow  or  coloui'less  neutral  oil,  having  a  bitter  taste  and  faint 
odour. 

Berthelot. 
mean. 

36  C    216     ....     52-2     52-15 

22  H    22     ....       5-4     5-35 

22  O    176     ....     42-4     42*50 

C36H22022 414     ....  100-0     100-00 

Becomes  acid  in  contact  with  the  air.  —  Turns  brown  when  heatedj^. 


332  CARBO-HYDRATES   CisRi^Ois. 

and  hiirns  with  an  odour  of  caramel.  —  Carbonised  by  oil  of  vitriol ; 
slowly  decomposed,  by  boiling  with  dilute  sulpJniric  acid,  into  acetic  acid 
and  dextro-gliicose,  which  is  further  partly  resolved  into  humous  sub- 
stances. — With  alcoholic  hydrocldoric  acid,  it  forms  acetate  of  ethyl  and 
dextro-glucose.  —  Hexaceto-glucose  reduces  potassio-cupric  tartrate. 

Dissolves  abundantly  in  water,  but  not  in  all  proportions,  and  is 
precipitated  from  the  solution  by  chloride  of  calcium.  —  Soluble  in 
alcohol  and  in  ether  (Berthelot). 


Bibutyro-glucose. 

Berthelot.     N.  Ann,  Chim.  Phys.  60,  96  ;  Chim.  organ  2,  290. 

Dibutyringlucose.  Glucose  hutyrique.  A  monosaccharide  of  tlie  second  order 
(p.  317)  : 

C12H12012  +  2C8H804  =  C28H22014  +  gHO. 

Formation.^  Produced  in  larger  quantity  from  cane-sugar,  dextro- 
glucose,  or  trehalose ;  in  small  quantity  from  dextrin,  by  heating  with 
butyric  acid.  Traces  of  the  same  or  a  similar  compound  are  obtained 
when  cotton  or  paper  is  heated  with  oil  of  vitriol  and  butyric  acid. 

Preparation.  Butyric  acid  is  heated  with  cane-sugar  or  anhydrous 
dextro-glucose- to  100°  for  50  or  60  hours;  the  mass  is  exhausted  with 
alcohol ;  and  the  solution  filtered  and  evaporated.  The  residue  is  mixed 
with  concentrated  aqueous  carbonate  of  potash,  a  lump  of  caustic 
potash  being  added  to  neutralise  it  completely,  the  mixture  is  shaken 
up  with  ether,  the  ethereal  layer  is  decolorised  with  animal  charcoal, 
and  the  filtrate  is  evaporated  over  the  water-bath. 

Properties.  Pale  j'-ellow,  viscid  oil  which  produces  grease-spots  on 
paper.  Neutral,  very  bitter,  with  a  shghtly  aromatic  odour.  Eetains 
water  obstinately. 

Berthelot. 
mean. 

28  C    168     ....     55-6     55*55 

22  H    22     ....       7-3     7*45 

14  O 112     ....     37-1     37-00 

028H22O14 302     ....  100-0     100-00 

Decomposition.  1.  Burns  when  heated,  emitting  an  odour  of  caramel. 
—  2.  Carbonised  by  oil  of  vitriol,  and  resolved,  by  heating  with  dilute 
sulphuric  acid,  into  butyric  acid  and  dextro-glucose.  —  3.  With  alcoholic 
hydrochloric  acid  it  yields  dextro-glucose  and  butyrate  of  ethyl. — 
4.  From  potassio-cupric  tartrate,  it  reduces  cuprous  oxide. 

Dissolves  sparingly  in  imter,  easily  in  alcohol  and  in  ether.  (Berthelot). 
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Glucosuccinic  Acid. 

A  mixture  of  cane-sugar  and  succinic  acid  in  equal  numbers  of 
atoms,  heated  to  between  120°  and  130°,  melts  to  a  brown  syrup,  with 
elimination  of  water.  The  product  is  an  acid  compound  of  g-lucose 
with  succinic  acid,  which  decomposes  at  100°,  with  formation  of  humus, 
and  forms  with  lime  a  salt  soluble  in  water,  insoluble  in  alcohol, 
See  page  259  (Van  Bermmelcn,  Kopp's  Jahresher.  1858,  436). 


Glucotetratartaric  Acid. 

Bertpielot.  N.  Ann.  Phys.  Chim.  54,  78 ;  abstr.  Compt.  rend.  45,  268 ; 
N.  J.  Pharm.  33,  95 ;  Chem.  Gaz.  1857,  441 ;  /.  pr.  Chem.  73,  159. 
—  Chem.  organ.  2,  295. 

Glucotartaric  acid,  belongs  to  the  monosaccharides  of  the  fourfh  order  (p.  317). — 
Different  from  tlie  glucobitartaric  acid  obtained  from  cane-sugar  and  tai'taric  acid 
(p.  25y),  which  is  a  monosaccharide  of  the  second  order. 

Formation.     By  heating  dextro-glucose  with  tartaric  acid : 
Ci2Hi2oi2  +  4C8H6Oi2  =  C4^H26O50  +  10HO. 

Occurrence.  Appears  to  exist  in  grapes  at  the  time  of  ripening. 
AVhen  expressed  grape-juice  is  satuarated  with  chalk,  filtered,  strongly 
concentrated,  filtered  again,  precipitated  with  2  vol.  alcohol,  and  the 
precipitate  purified  by  washing  with  weak  alcohol,  re-solution  in  water, 
and  re-precipitation  with  alcohol,  a  hme-salt  is  obtained  which  reduces 
potassio-cupric  tartrate  like  glucotetratartrate  of  lime,  and  is  re- 
solved by  acids  into  dextro-glucose  and  an  acid  which  exhibits  the 
character  of  tartaric  acids. 

Preparation  of  the  Lime-salt.  An  intimate  mixture  of  equal  parts  of 
dextro-glucose  and  tartaric  acid  is  heated  for  a  day  or  two  to  120°  in  an 
open  vessel ;  the  cooled  mass  is  triturated  with  carbonate  of  lime  and  a 
small  quantity  of  water ;  and  the  liquid  is  filtered.  Tartrate  of  hme,  with 
the  excess  of  carbonate,  then  remains  on  the  filter,  while  the  solution 
contains  the  lime-salt  of  the  new  acid,  together  with  excess  of  glucose. 
On  precipitating  this  solution  with  twice  its  volume  of  alcohol,  collecting 
the  precipitate,  washing  it  with  dilute  alcohol,  dissolving  in  water, 
again  precipitating  with  alcohol,  and  repeating  the  same  series  of 
operations  a  third  time,  the  lime-salt  is  obtained  free  from  sugar.  It 
is  dried  for  a  week  or  a  fortnight  in  vacuo,  then  completely  by  heating 
it  to  110°. 

Aqueous  glucotetratartaric  acid  is  obtained  by  decomposing  the  lime- 
salt  with  excess  of  oxalic  acid. 

The  aqueous  solution  of  the  acid  and  its  salts  is  gradually  resolved, 
by  boiling,  into  dextro-glucose  and  tartaric  acid,  the  decomposition 
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being  accelerated  by  a  small  quantity  of  sulphuric  acid.  —  The  lime- 
and  magnesia- salts  reduce  potassio-cupric  tartrate.  —  Not  ferment- 
able. 

Glucotetratartaric  acid  is  quadri-hasic.  The  baryta-  magnesia-  and 
lead-salts  are  obtained  like  the  lime-salt,  by  using  carbonate  of  baryta, 
magnesia,  or  lead,  instead  of  carbonate  of  lime.  The  salts  still  retain 
water  at  110°. 

Lime-salt.  —  White  amorphous  powder,  100  pts.  of  which  reduce  as 
much  potassio-cupric  tartrate  as  23  pts.  of  dextro-glucose  (calc.  22-5  pts.) 
After  drying  in  vacuo,  it  gives  off  14*1  p.  c.  water  at  110°  (15  at.  = 
14-4:  p.  c). 


44  C « 

26  H 

50  0 

4  CaO      

fl^llO°. 
....  264     .. 
....     26     .. 
....  400     .. 
....   112     .. 

.     32-9     .. 
.       3-3     ... 
.     49-9     .. 
.     13-9     .. 

Berthelot. 

33-2 

4-3 

49-8 

127 

C4^H22Ca4O50,4HO 

....  802     .. 

..  100-0     .. 

100-0 

Magnesia-salt.  —  The  salt,  dried  in  vacuo,  gives  off  26*4  p.  c.  water 
at  110°  (36  at.  =  26-38  p.  c). 

at  110°.  Berthelot. 

44  C 264     ....  29-2  30-1 

32  H 32     ....  3-5  4*0 

56  0 448     ....  49-6  48-9 

8  MgO    160     ....  17-7  17-0 

C-"H22Mg^O50,4MgO  +  10Aq 904     ....  1000     1000 

Berthelot's  formula  contains,  by  error,  4MgO  more,  Chim.  organ.  2,  296,  and 
N.  Ann.  Chim.  Phys.  54,  79.       ' 

Lead-salts.  —  The  acid  forms,  with  lead-oxide,  a  neutral  (quadri- 
basic)  and  an  acid  (bibasic)  salt.  The  former  is  insoluble,  or  becomes 
so  during  preparation. 

Bibasic.  —  Gives  off  10*9  p.  c.  water  at  110°  after  drying  in  vacuo 
(12  at.  =  10-76  p.  c). 


at  110°. 

Berthelot. 

44  C  

264-0     . 

..     29-4     . 

29-9 

24  H 

24-0     . 

..       2-7     . 

3-6 

48  O  

3840     . 

..     43-0     . 

43-4 

2  PbO 

......  223-4     . 

..     24-9     . 

23-1 

C44H24P52O50 

895-4     . 

.,  100-0     . 

100-0 

Glucohexacitric  Acid. 

Berthelot.    N.  Ami.  Chim.  Phys.  54,  81. 

Glucocitric  acid,  Glucosohexacitric  acid.  —  Belongs  to  the  monosaccharides  of  the 
sixth  order  (p.  317). 
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When  dextro- glucose  is  heated  with  citric  acid,  and  the  product 
treated  in  the  manner  already  described  for  the  tartaric  acid  compound 
(p.  333),  the  hme-  (or  magnesia-  )  salt  is  obtained,  which  reduces 
potassio-cupric  tartrate,  and  appears  to  consist  of  C^H*°Ca^^0^,4H0 
(Berthelot). 

Bibenzoyl-glucose. 

Berthelot.     N.  Ann,  Chim.  Phys.  GO,  98 ;  Chim.  organ.  2,  293. 

Dibenzoylglucose,  Glucose  henzo'ique  or  dibenzoique.  A  monosaccharide  of  the 
second  order  (p.  318). 

Obtained  by  heating  benzoic  acid  with  dextro-glucose  or  cane- 
sugar  to  100°  for  50  hours,  and  purified  like  bibutyro-glucose  (p.  332). 
The  same  (or  a  similar)  compound  is  produced  by  heating  benzoic  acid  with  trehalose  to 
180°,  or  with  cotton  to  200°,  also,  at  ordinary  temperatures,  in  a  mixture  of  cotton,  oil 
of  vitriol,  and  benzoic  acid;  in  all  cases,  however,  only  in  small  quantity. 

Neutral,  semi-fluid  oil,  which  produces  grease-spots  on  paper. 
Tastes  bitter  and  pungent. 


40  C 

18  H 

14  O 

..  240     . 
..     18     . 
..  112     . 

..     64-8     .. 
...       4-9     . 
..     30-3     .. 

Berthelot. 

64-2 

5-3 

30-5 

C40II18O14 

..  370     . 

...  1000     . 

100-0 

Burns  with  an  odour  of  caramel  when  heated.  —  Carbonised  by  oil 
of  vitnol  —  With  cdcoholic  hydrochloric  acid,  at:  a  moderate  heat,  it 
yields  benzoate  of  ethyl  and  dextro-glucose.  —  Reduces  potassio-cvpric 
tartrate. 

Dissolves  sparingly  in  water,  easily  in  alcohol  and  in  ether. 


Lsevo-glucose. 

Ci2H»0"  or  C^H2*0»*. 


Bouchard  AT.     Compt.  rend.  25j  274. 

JuBRUNFAUT.     N.  Ann.  Chim.  Phys.  21,   169 ;  J.  j^r.  Chem.  42,  418 ; 

Pharm.  Centr.  1847,  889.  —  Compt.  rend.  29,  51 ;  abstr.  Pharm.  Centr. 

1849,  Qi2>.— Compt.  rend.  42,  901;  J.  pr.   Chem.  69,  i38.  — Compt, 

rend.  42,  803 ;  J.  pr.  Chern.  69,  208. 

LinJcsfruchfzucker.  Occurs  in  gum-sugar  {Schleimzucker)  or  fruit-sugar 
in  an  impure  state,  mixed  sometimes  with  dextro-glucose  or  cane- 
sugar,  sometimes  with  dextrin  or  gum.  It  was  recognised  as  a  sub- 
stance distinct  from  cane-sugar,  even  in  the  last  century,  and  examined 
by  Lowitz  {Crell.  Ann.  1792,   1,  345),  Deyeux  {Scher.  J.  3,  528),  anci 
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Proust  (N.  Gehl.  2,  77) ;  but  no  certain  mode  of  discrimination  was 
known,  till  Biot  showed  that  the  different  kinds  of  sugar  may  be  dis- 
tinguished from  one  another  by  their  rotatory  power.  Lasvo-glucose 
was  first  obtained  in  the  pure  state  by  Dubrunfaut. 

Lasvo-rotatory  inverse- sugar,  the  mixture  of  Isevo-  and  dextro-glu- 
cose  in  equal  numbers  of  atoms  produced  by  the  inversion  of  cane- 
sugar  (p.  254),  was  frequently  mistaken  for  dextro-glucose,  or  regarded 
as  a  peculiar  sugar  convertible  into  cane-sugar  by  molecular  alteration, 
till  its  true  nature  was  pointed  out  by  Dubrunfaut.  The  following 
substances,  which  have  been  regarded  as  pecuhar  sugars,  appear  to 
be  mixtures  resembhng  inverse-sugar. 

a.  Mitscherlich's  Caramel.  Obtained  by  heating  cane-sugar  with 
a  small  quantity  of  water  to  a  temperature  somewhat  above  160°  in 
the  chloride-of-zinc  bath.  Amorphous,  slightly-coloured  mass,  desti- 
tute of  rotatory  power  (Mitscherhch,  Pogg.  59,  96).  According  to 
GeHs  {Compt.  rend.4:S,  1062),  it  is  perhaps  a  mixture  of  dextro-glucose, 
levolusan  (p.  308),  and  Igsvo-glucose,  produced  by  the  action  of  water 
on  levolusan. 

b.  Ventzke's  Syrup-sugar.  Obtained  by  the  continued  boiling  of  an 
aqueous  solution  of  cane-sugar  between  105°  and  106°.  Colourless 
syrup,  without  rotatory  power,  and  not  acquiring  any  by  prolonged 
boiUng.  Under  these  circumstances,  according-  to  Soubeiran,  hiverse 
sugar  is  produced,  which  often  contains  unaltered  cane-sugar  (Ventzke, 
J.  pr.  Chem.  25,  75). 

c.  Soubeiran's  Chylariose,  or  Liquid  Sugar  from  Honey,  having  a  rota- 
tory power  [a]y  =  —  43"51°  at  the  temperature  of  13°.  Doubtless 
Isevo-glucose,  not  perfectly  freed  from  dextro-glucose  (Soubeiran, 
N.J.Pharm.  16,  252). 

d.  Michaelis'  Null-  an^  Linhs-teutlose.  The  existence  of  these 
sugars  is  hiferred  by  Michaelis  from  the  rotatory  power  of  certain 
beet-juices  {J.pr.  Chem.  74,  385 ;  Chejn.  Centr.  1858,  904). 

Occurrence  of  Lcevo-glacose.  —  As  inverse-sugar  in  honey,  in  many 
fruits  and  other  sacchariferous  vegetable  organs,  (pp.  339  and  305.) 
The  isolated  occurrence  of  Isevo  -glucose  has  not  been  demonstrated  with 
certainty ;  nevertheless  some  kinds  of  apple  and  pear  contain  more 
Isevo-  than  dextro-glucose,  perhaps  because  the  mixture  of  these  two 
substances  in  equal  numbers  of  atoms  first  produced  by  the  inversion 
of  cane-sugar,  has  already  suffered  an  alteration  chiefly  affecting  the 
dextro-glucose  (Buignet,  N.  Ann.  Chim.  Phys.  61,  264). 

Formation.  1.  In  the  inversion  of  cane-sugar  (p.  254)  by  water, 
dilute  acids,  yeast,  or  the  pecuhar  substance  of  fruits,  a  mixture  of 
laevo-  and  dextro-glucose  is  produced  (Dubrunfaut).  — 2.  By  boiling 
levulosan  (p.  338)  with  water  or  dilute  acids  (Gehs,  Compt.  rend.  48, 
1062).  —  3.  The  sugar  produced  by  continued  heating  of  inulin  (p.  115) 
with  dilute  acids,  is  laevo-rotatory  (Biot,  Ann.  Chim.  Phys.  0)2,  2S ; 
Bouchardat),  and  identical  with  Isevo-glucose  (Dubrunfaut).  This  sub- 
stance is  likewise  produced  by  continued  heating  of  inulin  with  water  (Dubrunfaut). 
Unwashed  sour  yeast  also  converts  inulin  into  sugar  (Bouchardat). 

Preparation.  From  Inverse  sugar.  When  10  grms.  inverse-sugar  are 
intimately  mixed  with  6  grms.  hydrate  of  lime  and  100  grms.  water, 
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tlie  mass  which  is  Hqiiid  at  first,  solidifies  after  a  certain  amount  of 
agitation,  and  yields,  by  strong  pressure,  a  solution  of  the  lime-com- 
pound of  dextro-glucose,  while  the  solid  residue,  washed  and  decom- 
posed with  oxalic  acid,  yields  Isevo-glucose  (Dubrunfaut).  The  inverse 
sugar  occurring  in  fruits,  may  be  decomposed  in  like  manner  (Buignet, 
N.  Ann.   Chirii.  Phys.  Gl,  270). 

The  inverse  sugar  occurring  in  fruits  (p.  240),  may  be  obtained,  in  the  absence  of 
other  kinds  of  sugar,  by  neutralising  the  juice  with  chalk,  evaporating  the  filtrate, 
exliausting  th^  residue  with  alcohol  of  0*85,  evaporating  the  solution,  and  dehydrating 
the  residue  at  110°.     (Buignet.) 

Properties.  Colourless,  uncrystalHsable  syrup  (Dubrunfaut),  amor- 
]»hous  solid  mass  (Bouchardat) ;  after  heating  to  100°,  =  O^-IPQia^ 
As  sweet  as  cane  sug-ar.  Purgative  (Dubrunfaut).  Rotatory  power 
A^arying  with  the  temperature  [a]y=  —  106°  at  14°C.  ;=  —79-5° 
at  52°C;=  —  53°  at  90°G.  (Dubrunfaut).  The  leevo-rotary  power  of 
inulin-sugar  was  found  by  Bouchardat  to  be  at  least  three  times  as  great  as  that  of 
inverse- sugar,  and  likewise  variable  according  to  the  temperature.  Dubrunfaut 
remarked  that  when  inulin  (C'-H^''0^°,3H0)  is  boiled  with  acids,  the  rotatory  power 
increases  to  f  of  its  original  amount,  whence  the  calculated  value  of  [a]^'  for  inulin- 
sugar  is—  101°,  and  for  inulin,— -38-43°. 

The  supposition  that  Isevo-glucose  may  be  converted  into  dextro-glucose  by  boiling 
with  acids  or  by  molecular  alteration,  has  been  refuted  by  Dubrunfaut. 

The  rotatory  power  of  inverse  sugar  likewise  varies  with  the  tem- 
|)erature  as  well  as  that  of  loevo-glucose,  as  observed  by  Mitscherlich 
{Pogg.  59,  94)  and  Ventzke  (/.  pr.  Chem.  28,  101)  in  inverse  sugar  and 
in  honey.  The  molecular  rotatory  power  of  inverse  sugar  amounts, 
for  C^'lD^ois,  to  [pC]j=:  -28°  at  14°  C;  at  52°  it  is  only  half  as 
great,  at  86°  it  disappears  altogether,  and  at  still  higher  temperatures 
the  inverse  sugar  becomes  dextro-rotatory  (Dubrunfaut).  The  mole- 
cular rotatory  power,  which  for  C^^jPois  at  15°  C  is  [a]y  =  —  26" 
decreases  by  0*37°  for  each  degree  above  15°  and  increases  by  the  same 
amount  for  each  degree  below  (Buignet,  N.  Ann.  Chim.  Phys.  61,  238). 
Inverse  sugar  heated  in  the  water-bath  contains,  on  the  average, 
:^9-97  p.  c.  C,  6*67  H.,  and  53-36  0.,  corresponding  to  the  formula 
( U2jxi20«  (Soubeiran,  N.  J.  Pharm.  9,  357 ;  Mitscherlich). 

Decompositions.  L83vo-glucose  when  heated  yields  a  product 
ruialogous  to  the  glucosan  (p.  329)  of  dextro-glucose,  but  more  easily 
(locomposible  (Gehs,  Compt.  rend.  51,  331  ;  Zeitschr.  Ck.  Pharm.  4,  57). 
1-robably  therefore  laevolusan  (Kr.).  —  LaBvo-glucose  in  contact  with 
jieast  undergoes  vinous  fermentation,  without  previous  conversion  into 
another  kind  of  sugar.  (Dubrunfaut).  —  The  other  reactions  of  Isevo-glucose 
have  been  studied  only  with  fruit-sugar  containing  dextro-glucose  :  they  agree  with  those 
of  doxtro-glucose.  On  the  behaviour  of  inverse  sugar  when  heated  with  water,  see 
]>age253;  with  acids  (p.  254)  ;  in  vinous  fermentation  (p.  274) ;  in  lactous  fermentation 
(p.  279);  and  other  places. — ^.  AVheu  sodiiini-amalgam  is  added  to  an  aqueous 
solution  of  cane-sugar,  inverted  by  the  action  of  dilute  sulphuric  acid, 
tlie  excess  of  acid  having  been  removed,  evolution  of  hydrogen  entirely 
ceases  as  soon  as  the  liquid  has  become  slightly  alkahne,  heat  is  evolved, 
and,  when  the  action  is  complete,  the  solution  is  found  to  contain  man- 
nite.  (Linnemann,  Ann.  Pharm.  123,  136.— See  Mannite.)    ^. 

Comhination.     With  Lime.  —  Lgevo-glucose  forms  with  lime  a  soluble 
basic  compound,  analagous  to  that  of  dextro  glucose,  which  absorbs 
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oxygen  from  the  air  and  decomposes.  —  A  second  compomid,  containing 
3  at.  lime  to  1  at.  Igevo-glucose,  forms  sparingly  soluble  microscopic 
needles,  and  is  decomposed  by  water  when  exposed  to  light  and  air, 
the  whole  deUquescing  and  the  sugar  undergoing  decomposition 
(Dubrunfaut). 

On  the  behaviour  of  inverse  sugar  to  lead-oxide,  see  page  289.  The  compounds  of 
fruit-sugar  obtained  by  Soubeiran  (iV.  J,  Pharm.  9,  329)  were  obtained  with  inverse 
sugar  or  honey,  and  doubtless  belong  to  dextro-glucose.     (Kr.) 

Lsevo-glucose  is  more  soluble  in  alcohol  than  dextro-glucose. 


Appendix  to  Lcbvo -glucose. 

Laevolusan. 

(jiajjioQio^ 

Gelis.     Compt.  rend.  48,  1062  ;   Chem.  Centr.  1859,  712  ;  N.  Ann.  CMm. 
Plujs.  57,  234 ;  Kopp's  JaJiresber.  1859,  547. 

Saccharide. 

Seepage  247.  Cane-sugar  quickly  heated  to  160*",  and  kept  in  the 
melted  state  at  that  temperature  for  a  moderate  time,  is  converted  into 
a  mixture  of  equal  numbers  of  atoms  of  laevolusan  and  dextro-glucose, 
the  latter  of  which  may  be  removed  by  fermentation.  The  remaining 
liquid  (which  has  a  dextro-rotatoiy  power  [a]y=  15°  for  C^^H^°0^°) 
leaves,  when  evaporated,  a  syrup,  which  does  not  crystallise  even  when 
kept  for  years,  but  contains  laevolusan  partly  unaltered,  partly  meta- 
morphosed. 

Laevolusan  is  converted  by  boiling  water  and  by  dilute  acids,  into  a 
fermentable  Isevo-rotatory  sugar,  which  reduces  copper-solution  and 
is  2^robably  identical  with  laevo-glucose. 


Maltose. 

BiOT.     Compt.  rend.  15,  710 ;  42,  351. 

DuBKUNFALT.     N.  Ann.    Chim,  PA?/s.  21,  178;  J.  pr.   Chem.  A'2,  441; 
abstr.  Liel).  Kopp.  Jahresber.  1847,  793. 

The  sugar  produced  from  starch-paste  by  the  action  of  malt  (or 
diastase  p.  90)  is,  according  to  Dubrunfaut,  different  from  dextro-glu- 
cose. It  is  the  first  fermentable  product  formed  from  starch-paste  by 
the  action  of  acids,  or  the  last  formed  by  the  action  of  glutin  or  by 
spontaneous  decomposition  (p.  91)  (Dubrunfaut);  Guerin-Varry  {An 
Chim.  Phys.  60,  32)  (who  however  did  not  determine  its  rotatory  power),  could  not 
perceive  that  the  sugar  formed  with  diastase  differed  in  any  respect  from  dextro-glucose. 

The  molecular  rotatory  power  of  a  sugar  prepared  by  Jacquelain, 
by  heating  starch  in  a  Papin's  digester  with  -^^-^  oxalic  acid,  was  found 
by  Biot  to  be  [a]j  =  100-6°.  According  to  Dubrunfaut,  this  sugar 
was  a  mixture  of  maltose  and  dextro-glucose.  The  sugar  from  a  false 
manna  mentioned  on  page  305  might  also,  according  to  Biot,  be  referred 
to  this  head. 
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Maltose  is  prepared  from  starch-paste  by  the  action  of  malt  (some- 
what in  the  manner  described  at  page  311),  and  purified  with  alcohol. 
—  Forms  crystals  similar  to  those  of  dextro-glucose,  but  with  a  mole- 
cular rotatory  power  three  times  as  great,  and  not  stronger  in  a 
recently  prepared  solution  than   after  the   lapse   of    several  hours. 

Hence  it  does  not  exhibit  the  bi-rotation  of  dextro-glucose  mentioned  at  page  314.  — 
It  expands  in  crystalUsing.  —  It  is  converted  into  dextro-glucose  by 
boiling  with  dilute  sulphuric  ac/d— By  aqueous  alkahs  it  is  not  quite  so 
easily  altered  as  dextro-glucose.  —  By  fermentation  it  yields  as  much 
alcohol  as  dextro-glucose,  without  previous  conversion  into  that  sub- 
stance. AVhen  a  mixture  of  dextro-glucose  and  maltose  is  fermented, 
both  kinds  of  sugar  are  decomposed  simultaneously,  not  one  before 
the  other.  —  Maltose  is  somewhat  less  soluble  in  alcohol  than  dextro- 
glucose  (Comp.  Saussure's  observations,  p.  308).  (Dubrunfaut.) 


Mannitose. 

Gorup-Besanez.     Ann,  Pharm,  118,  273. 

When  mannite  is  oxidised  under  the  influence  of  platinum-black, 
carbonic  acid,  formic  acid,  mannitic  acid,  (G'^H^'^O"  vid.  inf.)  an  unfer- 
mentable  substance  and  a  fermentable  sugar  (^mannitose)  are  produced. 
The  last  of  these  substances,  which  has  not  been  obtamed  in  the  sepa- 
rate state  is  distinguished  from  dextro-glucose  by  the  fact  that  it  does 
not  exhibit  any  molecular  rotatory  power,  even  in  concentrated  aqueous 
solution. 

In  the  preparation  of  mannitic  acid  by  leaving  a  moist  mixture  of 
1  pt.  mannite  and  2  pts.  platinum-black  in  contact  with  the  air  at  a 
temperature  between  30°  and  40°,  and  lixiviating  the  resulting  acid 
mass  with  water,  a  solution  is  formed  containing  mannitic  acid,  the 
unfermentable  substance,  and  mannitose;  and  on  precipitating  the 
mannitic  acid  with  basic  acetate  of  lead,  and  treating  the  filtrate  with 
hydrosulphuric  acid,  the  unfermentable  substance  and  the  mannitose 
remain  in  the  filtered  liquid,  and  are  obtained  by  evaporation  as  a 
mixture,  which,  however,  is  diflScult  to  free  from  acetic  acid ;  hence,  to 
prepare  the  latter  substance,  it  is  better  to  heat  the  aqueous  solution  of 
the  acid  mass  with  carbonate  of  lime,  filter  when  the  neutralisation  is 
complete,  and  precipitate  with  alcohol.  The  hquid  filtered  from  pre- 
cipitated mamiitate  of  hme,  if  concentrated  to  a  certain  extent,  further 
precipitated  with  alcohol,  and  then  completely  evaporated,  leaves  a 
yellow  syrup  which  cannot  be  made  to  crystalhse,  even  after  decolora- 
tion with  animal  charcoal,  but  if  evaporated  in  vacuo,  and  finally  at 
100°,  appears  as  an  amorphous  gum. 

This  gum  may  be  regarded  as  a  mixture  of  about  one -third  man- 
nitose and  two-thirds  of  an  unfermentable  substance  perhaps  indentical 
with  mannitan.  The  gum  contains  43*06  p.  c.  carbon,  6-92  hydrogen,  and 
60'02  oxygen,  coiTcsponding  perhaps  to  the  formula  C''*H^-0^^2C''^H^^0^° 
(calc.  42-52  C,  7  0811.,  50*40  0.).  It  does  not  produce  the  least  deflec- 
tiou  of  the  plane  of  polarisation,  even  in  concentrated  solution ;  it 
exhibits  with  alkalis,  with  cupric  oxide  and  j^otashy  with  basic  nitrate  of 

z  2 
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hismiith,  carbonate  of  soda,  and  other  reagents,  the  same  behaviour  as 
dextro-glncose,  but  is  not  capable  of  yimimg  with,  chloride  of  sodium, 
Its  alcohohc  sokition  mixed  with  alcoholic  potash  forms  a  semi-fluid 
yellow  precipitate  containing  11-27  p.  c.  potash,  corresponding  to  the 
formula  2G^'^W^0^'^.^0.  —  The  quantity  of  carbonic  acid  evolved  in  the 
vinous  fermentation  of  this  gum — which  is  easily  set  up — as  well  as 
the  amount  of  potassio-cupric  tartrate  which  it  is  capable  of  reducing, 
shows  that  it  must  contain  a  quantity  of  mannitose,  equivalent  to 
32-56  p.  c.  dextro-glucose.  If  the  mannitose  be  decomposed  by  fer- 
mentation, the  unfermentable  substance  remains,  on  evaporation,  as  a 
yellow-brown  neutral  A^arnish  having  a  faint  taste,  soluble  in  water 
and  in  alcohol,  insoluble  in  ether,  and  emitting  an  odour  of  caramel 
when  burned.  (Gorup-Besanez). 


Appendix  to  Dextro-glucose  and  the  Allied  Sugars. 

General  View  of  the  Glucosides. 

Succharides  {V,&xthQ\o\),  {Saccharogens,  -p.  Z(i^)  —  They  OCCUr  both  in  the 
vegetable  and  in  the  animal  kingdom. 

Formation.  None  of  the  naturally  occumng  glucosides  have  been 
prepared  artificially ;  but  Berthelot  has  obtained  compounds  analogous 
to  the  glucosides  (see  Saccharides,  p.  316),  and  Hlasiwetz  has  ob- 
tained from  phloretic  acid  and  phloroglucin  a  product  corresponding  to 
phloretin,  but  containhig  the  proximate  constituent^  in  different  pro- 
portions. ; 

Laurent's  views  on  the  composition  of  glucosides,  see  Compt.  rend.  31,  353; 
35,  163;  N.  Ann.  CJiim.  Phys.  36,  330  ;  for  Delffs'  formulae,  see  N.  Jahrh.  Pharm. 
11,  356  ;  Walz's  N.  Jahrh.  Pharm.  11,  358. 

Decompositions.  The  resolution  of  glucosides  into  glucose,  or  a  cor- 
responding product,  and  a  second  body,  takes  place  for  the  most  part 
on  boiling  with  dilute  mineral  acids.  Or  it  is  produced  by  heating  the 
glucoside  with  aqueous  alkalis  or  haryta-water.  In  this  latter  case, 
according  to  Rochleder  (  Wien.  Akad.  Ber.  24,  32),  crystallisable  sugar 
is  sometimes  obtained,  whereas  the  decomposition  with  acids  yields 
only  uncrystallisable  sugar.  —  Or  the  separation  is  effected  at  mean 
temperature,  and  in  presence  of  water,  by  nitrogenous  substances 
occurring  either  in  the  same  jjlants  as  the  glucosides,  or  in  other; 
Emulsin  decomposes  amygdalin  and  many  other  glucosides ;  myrosin 
decomposes  myronic  acid;  erythrozym  decomposes  rubian.  —  Some 
glucosides  are  likewise  decomposed  by  yeast  and  by  saliva.  The 
products  of  the  decomposition  are  often  further  altered  by  the  action 
of  the  air  or  of  the  acid  employed. 

For  the  se^mration  of  the  decomposition-products  from  the  gluco- 
sides, Rochleder  {Wien.  Akad.  Ber.  24,  34)  gives  the  foUoAving  method. 
The  substance,  contained  in  a  flask,  is  treated  with  dilute  hydrochloric 
acid:  the  flask  is  connected,  on  the  one  side  with  a  carbonic  acid 
apparatus,  on  the  other  with  a  Liebig's  condensing  tube.  The  aii 
contained  in  the  flask  is  displaced  by  carbonic  acid,  and  the  flask  is 
heated  in  the  water-bath,  or,  if  necessary,  in  a  chloride  of  calcium 
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bath.  As  soon  as  the  decomposition  is  complete,  the  contents  of  the 
flask  are  left  to  cool  in  a  stream  of  carbonic  acid ;  any  product  that 
may  have  separated  out  is  collected ;  and  the  filtrate  containing  the 
sug-ar,  hydrochloric  acid,  and  sometimes  other  soluble  products  of  the 
decomposition,  is  mixed  with  pure  carbonate  of  lead,  the  addition  of 
which  is  continued  as  long-  as  effervescence  ensues,  after  which  it 
is  warmed  and  white  lead  (prepared  by  precipitating  basic  acetate 
of  lead  with  carbonic  acid  gas,  and  washing)  is  added,  whereby 
basic  chloride  of  lead  is  precipitated.  The  precipitate  is  collected  on  a 
filter  and  carefully  washed ;  moist  phosphate  of  silver  is  added  to  the 
filtrate  as  long  as  any  reaction  ensues  between  this  salt  and  the  dis- 
solved chloride  of  lead,  and  till  the  yellow  colour  of  the  phosphate  of 
silver  remains  visible.  The  liquid  is  then  filtered ;  any  silver  that  may 
be  dissolved  in  the  filtrate  is  precipitated  with  a  very  small  quantity 
of  white  lead ;  the  liquid  is  heated  till  the  white  colour  of  the  preci- 
pitate passes  into  cream-colour,  then  cooled,  filtered,  treated  with 
hydrosulphuiic  acid,  and  filtered  again,  and  the  filtrate  is  evaporated. 
Colourless  sugar  then  remains;  in  case  such  sugar  was  formed  by  the 
decomposition  of  the  glucosides,  whilst  the  second  decomposition - 
product,  even  if  originally  soluble  in  water,  is  generally  rendered 
insoluble  by  the  white  lead. 

The  distilled  liquid  obtained  by  heating  a  glucoside  with  hydro- 
chloric acid,  contains,  together  with  hydrochloric  acid,  any  volatile 
product  that  may  have  been  formed  in  the  decomposition.  It  is  neu- 
trahsed  with  baryta  or  carbonate  of  baryta,  heated  to  decompose 
acid  carbonate  of  baryta,  concentrated  by  evaporation,  the  greater 
part  of  the  chloride  of  barium  removed  by  crystalhsation,  the  rest  by 
sulphate  of  silver,  and  the  filtrate  further  examined. 


Aesculin  is  resolved,  by  heating  with  dilute  acids,  hito  nesculetin 
and  sugar : 

C60H33O37   +   3H0   =  2Ci3H'508  +   2Q>^-}\^-0^\     (Rochleder  &  Schwartz) 

Zwenger  and  Delffs  give  other  formulie. 

The  sugar  forms  crystals,  which  melt  at  100°,  are  sweeter  than 
grape-sugar,  and,  like  that  substance,  reduce. potassio-cupric  tartrate. 
According  to  earlier  analyses  by  Eochleder  &  Schwartz  (Wien.  Akad. 
Btr.  10,  76),  it  contains,  at  100°,  37*71  p.  c.  carbon,  6*92  hydrogcii, 
and  55'o7  oxygen,  corresponding  to  the  formula  C^^IP-0^'^,HO ;  accord- 
ing to  their  more  recent  analyses  {Wien.  Akad.  Ber.  11,  334),  it  cou- 
tains,  at  100°,  40-50p.  c.  C,  7*38  H.,  and  52-12  0,  agreeing  with  the 
formula  C^2jii20i2^     It  ig  fermentable. 

Amygdalin,  in  contact  with  emulsin  and  water,  is  resolved  into 
sugar,  bitter-almond  oil,  and  hydrocyanic  acid : 

C40NH27O22  +  4H0  =  2C12H12012  +  c>^H''>02  +  C2NH.     (Liebig  &  Wohler,  1837.) 

The  sugar  thus  produced  is  identical  in  every  respect  with  dextro- 
glucose  (0.  Schmidt). 

Apiin,  boiled  with  dilute  acids,  is  decomposed,  with  separation  of 
flocks.     The  filtrate,  freed  from  acid,  leaves,  on  evaporation,  a  sweetish 
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syrup,  which,  when  boiled  with  potassio-cupric  tartrate,  deposits 
cuprous  oxide,  but  does  not  give  off  the  odour  of  caramel  Avhen  burnt, 
does  not  ferment  in  contact  with  yeast,  cannot  be  made  to  crystallise, 
and  dissolves  but  partially  in  alcohol,  with  separation  of  yellow  flocks. 
Von  Planta  &  Wallace  cannot  see  in  these  results  any  evidence  of  decomposition,  and 
therefore  do  not  regard  apiin  as  a  glucoside. 

Arhutin  (C'^H^'O^*),  boiled  with  dilute  acids,  or  in  contact  with 
cmulsin,  is  resolved  into  hydrokinone  (Kawalier's  arctuvin)  and 
grape-sugar  (Kawalier)  : 

C24H16014   +   2H0  =  C12H604   +   Ci2HJ20^2.     (strecker.) 

The  sugar  forms  crystals  which  exhibit  the  properties  of  grape-sugar, 
and  when  dried  at  100°  or  in  vacuo,  contain  36*64  p.  c.  carb.,  7'05  hyd., 
and  56*31  ox.,  corresponding  to  the  formula  C"H^*0"  (Kawalier,  Wien. 
ATcad.  Bei\  9,  293). 

Arnicin  (C'°H"0",  or  C^^II^'O^")  is  decomposed  by  heating  with  dilute 
acids,  with  separation  of  dark  flocks  and  formation  of  a  substance 
which  reduces  cupric  oxide  (Walz). 

Benzohelicin  is  resolved  by  boiling  with  dilute  acids  or  aqueous 
alkalis  (not  by  emulsin),  into  benzoic  acid,  saUcylous  acid,  and  grape- 
sugar  : 

C40H20O16   +   4H0   =   C"H«0<   +   C^^H^O*  +   Om^'^O^K     (Piria.) 

Bryonin  is  resolved,  by  boiling  with  dilute  acids,  into  bryoretin, 
hydrobryotin,  and  sugar : 

C96H80O33  +   4H0  =   C^n^O^^   +   C<2H370i«   +   C"Hi20".     (Walz.) 

Cainctn  (C'*H"0")  is  resolved,  in  like  manner,  into  chiococcaic  acid 
and  sugar  (Rochleder  &  Hlasiwetz). 

Chitin,  boiled  for  12  hours,  or  longer,  with  a  mixture  of  1  vol.  oil  of 
vitriol  and  4  vol.  water,  is  resolved,  with  evolution  of  ammonia,  into 
amorphous  sugar  and  a  second  body  not  yet  isolated.  Perhaps  in  this 
manner : 

C^NHisQis  +   4H0  =  C^2Hi2oi2  +   C^NH^O^.     (Stadeler.) 

The  sugar  is  fermentable,  and  reduces  cupric  tartrate  (Berthelot, 
Coinpt,  rend.  47,  230). 

Colocynthin  is  resolved,  by  boiling  with  dilute  acids,  into  colo- 
cynthein  and  sugar : 

C5SH42023   +   2H0  =   C44H320^3   +    Om^^O^^.     (Walz.) 

Convallarin  is  decomposed  in  like  manner  into  convallaretin  and 
sugar : 

2C34H310"   +   2H0  =  2C28H2808   +    C'shisqw.     (Walz.) 

Convallamarin  yields  under  the  same  circumstances,  convallamaretin 
and  sugar : 

C46H440'4  =   C^OR^^O^"   +   iCi2H'20'2   +    2H0.     (Walz.) 

Convolvulin  and  Convolimlic  acid  are  resolved,  by  oil  of  vitriol  or 
alcoholic  hydrochloric  acid,  the  former  with  assumption  of  5  at.,  the 
latter,  of  2  at.  water,  into  convolvulinol  and  sugar : 
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Cfi2H53035   +    8H0   =   C2SH2507   +    SC'^H'^O^^     (W.  Mayer,  Kayser.) 
Convolvulic  acid. 

Convolmilin-sugar. — When  Kayser  {Ann.  Pliarm.  51,  98)  decom- 
posed convolvuliii  by  passing  hydrochloric  acid  gas  into  the  alcohohc 
solution,  and,  after  leaving  the  mixture  to  itself  for  10  days,  extracted 
the  resulting  convolvulinol  with  ether,  there  remained  an  acid  liquid, 
which  was  neutralised  with  carbonate  of  lead,  filtered  and  evaporated. 
From  the  residue,  absolute  alcohol  extracted  a  sticky  translucent 
sweetish  mass,  w4iich  reduced  cupric  oxide,  yielded  crystals  when 
brought  into  contact  with  common  salt,  fermented  with  yeast,  and 
exhaled  the  odour  of  sugar  when  burnt  on  platinum-foil.  —  Mayer, 
after  decomposing  convolvulic  acid  with  dilute  sulphuric  acid,  and 
removing  the  convolvulinol,  saturated  the  liquid  with  carbonate  of 
lead,  treated  the  filtrate  with  sulphuretted  hydrogen,  evaporated  it  to 
yV?  removed  the  separated  convolvuhn  by  agitation  with  ether, 
evaporated  further,  and  thus  obtained  a  brown  sweetish  syrup,  which 
behaved  like  grape-sugar,  when  burnt,  also  with  an  alkahne  cujjric 
solution,  with  bile,  with  sulphuric  acid,  with  water,  and  with  alcohol 
whether  aqueous  or  absolute,  but  did  not  form  a  crystalline  compound 
with  common  salt,  and  could  not  itself  be  made  to  crystallise.  This 
syrup  mixed  in  alcoholic  solution  with  an  alcoliolic  solution  of  baryta 
not  in  excess,  formed  a  j^recipitate  composed  like  monoglucosate  of 
baryta  (p.  328).     (Mayer,  Ann.  Pharm.  83,  138). 

Crocin  is  resolved  by  dilute  acids  into  crocetin  and  crocin-sugar  : 

C58H4203o,iHO   4    4iH0  =  C*»H'30"   +   2C'2Hi20i2. 

Crocin-sugar,  obtained  by  decomposing  crocin  in  the  manner 
described  above,  is  easily  crystallisable,  sweet,  and  reduces  from 
potassio-cupric  tartrate,  half  as  much  cuprous  oxide  as  dextro-glucose 
(Rochleder  &  L.  Mayer,  Wien.  Akad.  Ber.  29,  6). 

Cyclamin  sohdifies  when  heated  with  aqueous  hydrochloric  acid, 
with  formation  of  sugar  and  separation  of  a  second  product.  (Dc 
Luca.) 

Daphnm  is  resolved  by  boiling  with  dilute  acids,  into  daphnetin  and 
sugar ; 

C63H34038   +   4H0  «   C38Hi<Oi8   +   2C12H12013.     (Zwcngcr.) 

Datiscin,  treated  in  the  same  manner,  yields  datiscetiu  and  sugar : 

C42H22024  ^   C30H10O12  +  OHV^O^^.     (Stenhousc.) 

The  sugar  is  obtained  by  evaporation,  after  removal  of  the  datis- 
cetin  and  the  sulphuric  acid,  as  a  sweet  syrup,  which  sohdifies  in  the 
semi-crystalline  form  after  standing  for  some  time,  and  reduces 
potassio-cupric  tartrate  at  100°  (Stenhouse,  Ann.  Pharm.  98,  171). 

Walz's  Digitalin  is  resolved  by  boiling  with  dilute  sulphuric  acid, 
into  digitaliretin,  paradigitaletin  and  sugar.  Walz  supposes  the  re- 
action to  consist  of  two  stages :  '  a.  Resolution  of  digitalin  into 
digitaletin  and  sugar : 

C5GH4S028   +   2H0   =  C^HSSQis   +   €^2^12012. 

h.  Further  'decomposition  of  the  digitaletin,  partly,  with  abstraction 
of  4  at.  HO,  into  paradigitaletin,  partly  into  digitaliretin  and  sugar  : 
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Walz's  digitaletin  decomposed  by  dilute  acids  yields  the  products  above 
mentioned  (Walz,  Delffs).  Kosmann's  digitalin  and  digitalic  acid, 
which  differ  from  Walz's  compound  in  composition  and  properties,  are 
resolved  by  dilute  acids  into  digitaliretin  (which  however  is  not  the 
same  as  Walz's)  and  sugar.     Decomposition  of  digitalin  : 

C54H45O30   +   4H0  =  C30H25O'0  +   2C12H12012.     (Kosmann.) 

Euxanthic  acid  (C^^H^^O^^:  Erdmann)  is,  according  to  W.  Schmid  {Ann 
Pharm.  93,  88)  a  glucoside,  which  is  decomposed  by  oil  of  vitriol  into 
euxanthone  and  sugar.  According  to  Erdmann,  the  products  formed 
in  this  reaction  are  euxanthone  and  hamathionic  acid  (lead-salt  = 
C"H70>2,S03,3Ph0);  on  the  other  hand,  euxanthic  acid  decomposed  by 
heat  yields  euxanthone  C^^H^'O^^  carbonic  acid  and  water.  The  latter 
decomposition,  as  well  as  the  formulas  of  euxanthic  acid  and  euxan- 
thone, is  inconsistent  with  Schmid's  supposition  ;  nevertheless 
Erdmann's  hamathionic  acid  bears  some  resemblance  to  sulphamidoni( 
acid  and  other  compounds  of  like  nature.    (Kr.) 

Fraxin  heated  with  acids  yields  f raxetin  and  crystalHsable  sugar : 

C54H30O34   +   6H0  =  C30H12O16   +   2Ci2Hi20^2.     (Rochleder.) 

Gallo-tannin  is  resolved  by  boiling  with  acids  into  gallic  acid  and 
glucose  : 

C54H2203^   +   8H0  =  3Ci^H«Oio  +   Om^'^O^K     (Strecker.) 

For  observations  of  contrary  tendency  see  gallo-tannin.  —  The  sugar  exhibits 
the  reactions  and  composition  of  dextro-glucose.  (Strecker,  Ann.  Pharm. 
90,  331.) 

i  By  heating  50  grm.  gallotannin  with  50  grm.  oil  of  vitriol  and  450  grm. 
water  to  90°  for  three  days,  and  filtering  off  the  gallic  acid,  a  black 
saccharine  solution  is  obtained,  which  when  neutralised  with  carbonate 
of  lead,  mixed  with  a  slight  excess  of  neutral  acetate  of  lead,  concen- 
trated, freed  from  lead  by  sulphuretted  hydrogen  and  decolorised  by 
animal  charcoal,  agrees  perfectly  with  grape-sugar  in  rotatory  power, 
fermentation  and  reaction  with  potassio-cupric  tartrate.  (Buignet,  N. 
Ann.  Chim.  Phjs.  61,  287.) 

The  iodine-compound  of  a  tannin  occurring  in  sweet  fruits  is  likewise 
decomposed,  with  formation  of  dextro-glucose,  by  boihng  with  dilute 
sulphuric  acid.     (Buignet.) 

Gelatin.  —  When  isinglass  is  boiled  for  some  days  with  dilute 
sulphuric  acid,  sulphate  of  ammonia  is  formed  together  with  a  fer- 
mentable sugar.  (Gerhardt,  Traite  4,  509).  Hyaline  cartilage  and 
rib-cartilage,  boiled  with  hydrochloric  acid,  yield  large  quantities  of 
glucose  (Fischer  &  Bodeker,  Ann.  Pharm.  117,  111). 

Glohularin,  boiled  with  dilute  sulphuric  acid,  yields  globularetin- 
(part  of  which  changes  into  paraglobularetin  C^^H^^O®  [p.  39])  and 
sugar : 

C«0H^^O3S  =  2C2^Hi«08   +   C12H12012.     (Walz.) 

Glycyrrhizin  is  resolved,  when  its  aqueous  solution  is  boiled  with 
hydrochloric  acid,  into  glycyrretin  and  glucose.  Perhaps  in  this 
mamicr. 
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The  uncrystallisable   sugar   cxliibits   tlic   characters   of    grape-sugar 

(Gorup-Besanez).      Rotatory  power  not  determined. 

Gratiolin  is  resolved,  by  boiHng  with  dilute  sulphuric  acid,  into 
gratioletiii,  gratiolaretin  and  sugar : 

2C-J0H3-'Oi^     ==     C3^n-80io     +     C34H^806     +     C12H12012.     (Walz. 
Gratioletin,        Gratiolaretin. 

Gratiosolm  in  contact  Avith  aqueous  acids  or  alkalis  is  resolved  into 
gratiosoletin  and  sugar : 

2C^6H42025    =    2C^0H3^O17    +    C12H12012    +    4H0. 

The  gratiosoletin  thus  formed  is  further  resolved  by  boiling  into  hydro- 
gratiosolaretin  and  sugar : 

2C40H3^O17     =     2C3^H280»     +     C12JJ12012. 

Part  of  the  hydrogi-atiosoleretin  is  further  converted,  with  elimination 
of  2  at.  water,  into  gratiosoleretin,  C^*H-^0^.     (Walz.) 

Helianthic  acid.  This  name  is  applied  by  Ludwig  &  Kromayer 
{N.  Br.  Arch.  99,  1,  and  285)  to  a  substance,  obtained  from  the  seed  of 
the  sunflower  {Ilelianthus  anmms),  which  is  insoluble  in  cold  water  and 
in  alcohol,  not  fermentable,  and  reduces  potassio-cupric  tartrate  only 
after  boiling  with  acids. 

Helicin  heated  with  acids  or  alkalis,  or  in  contact  with  emulsin  or 
yeast,  is  resolved  into  sahcylous  acid  (xii,  235)  and  dextro- glucose : 

C26H1COH   +   2H0  =   C^^IFO^   H    Cini^^O^^.     (Piria.); 

The  complete  identity  of  this  sugar  with  dextro-glucose  is  shown 
by  Schmidt's  experiments  on  sahcin-sugar.  —  Chlorhelicin  (C^^CIII^^O") 
exhibits  a  shnilar  reaction,  yielding,  however,  chloro-salicylous 
(xii,  294)  instead  of  salicylous  acid.     (Piria.) 

Helico'idin  is  resolved  by  emulsin  into  saligenin,  salicylous  acid  and 
glucose : 

C52H34028   +   4H0  =  C»H80^   +   Ci4H60^   +   2C'2Hi2oi2.     (Piria.) 

Indican  is  resolved  by  acids  or  alkalis,  indicanin  by  acids,  into  indi- 
glucin  (p.  302)  and  other  products.     (Schunck.)     See  Indican. 

Jalappin  in  contact  with  dilute  mineral  acids  is  resolved  in  jalap- 
puiol  and  sugar : 

C68H5C032   +    iiHO  =  C32H3107   +   ZO^R^^O^K 

Jalappic  acid,  which  contains  3  at.  water  more,  is  decomposed  in  like 
manner,  with  assumption  of  8  at.  water.     (W.  Mayer.) 

Kinouiii  is  resolved  by  alcoholic  hydi-ochloric  acid  into  kinovic  acid 
and  kinovin-sugar ; 

C60H4SO16  +   2H0  =  C48H3803  +   C12H12O10.     (Hlasiwetz.) 

Kinovin-sugar  is  obtained  from  the  alcohol  containing  hydrochloric 
acid  after  separation  of  the  kinovic  acid,  either  by  Eochleder's 
method  (p.  340),  or  as  follows  :  The  liquid  is  neutralised  with  anhy- 
drous carbonate  of  soda  (or  carbonate  of  lead),  and  filtered ;  the  pre- 
cipitate washed  with  a  small  quantity  of  strong  alcohol ;  the  alcohol 
distilled  off;  and  the  remaining  hquid  evaporated  to  dryness  over  the 
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water-batli.  The  tliick  residue  is  dissolved  in  water,  tlic  solution, 
filtered  from  the  undissolved  portion,  is  evaporated,  and  the  residue  is 
digested  in  absolute  alcohol.  The  alcoholic  solution,  when  evaporated 
leaves  the  kinovin-sugar,  to  be  purified,  if  necessary,  by  re-solution 
and  decoloration  with  animal  charcoal.  —  Amorphous,  solid,  deliques- 
cent mass,  having  a  faint,  somewhat  bitter  taste.  Gives  off  water 
when  continuously  heated  over  the  water-bath.  Dried  at  100°,  it 
contains  43*34  p.  c.  carbon,  7*72  hydrogen,  and  48*94  oxygen,  answer- 
ing to  the  formula  C^^ll^^O^".  It  is  isomeric  or  identical  with  mannitan. 
Smells  like  caramel  when  heated.  Reduces  potassio-cupric  tartrate 
only  in  concentrated  solution.  Dissolves  completely  in  alcohol. 
(Hlasiwctz,  Ann.  Pharm.  Ill,  118.) 

Kinovatannic  acid  is  resolved,  by  boiling  with  dilute  sulphuric  acid, 
into  kinova-red,  and  a  substance  which  behaves  with  cupric  sulphate 
and  potash-ley  like  grape-sugar.     (Hlasiwetz.) 

The  Lycopodium-hitter  of  Kamp  &  Bodeker  reduces  potassio-cupric 
tartrate  after  boiling  with  dilute  acids,  but  not  in  its  unaltered  state, 
and  should  therefore  perhaps  be  regarded  as  a  glucoside. 

Meni/arithin,  boiled  with  dilute  sulphuric  acid  is  resolved  into  sugar  and 
an  oil  which  smells  like  bitter  almonds.  (Ludwig,  N.  Br.  Arch  108,  84.) 

Myronate  of  potash  is  decomposed  in  contact  with  myrosyn  (x,  54) 
and  water,  jdelding  oil  of  mustard,  sugar,  and  other  products.  (Ludwig 
&  Lange,  Zeitschr.  Ch.  Pharm.  3,  577.)  The  formula  C^^NH^^S^O'^KO 
(  =  C«NIPS2  4-  K0,S20*  +  C^^H^O")  given  by  Ludwig  &  Lange,  is, 
according  to  Will  &  Korner  {Aim.  Pharm.  119,  376),  more  correctly 
C^^Nir^KS^O^o  and  contains  the  elements  of  oil  of  mustard  C^NIPS-, 
glucose  C^2Hi20i2  and  bisulphate  of  potash  S^KIIO*.  Ludwig  &  Lange 
also  found  sulphate  of  potivsh  among  the  products  of  the  reaction,  but 
no  sulphite. 

Ononin  is  resolved  by  boiling  with  dilute  acids,  into  formonetin  and 
glucose  (Hlasiwetz): 

C60H34O26  =  C^H^oQis  +   C12H12012   +   2  HO. 

Onospin  is  resolved  under  similar  circumstances  into  ononetin  and 
Bugar  (Hlasiwetz) : 

C58H34024    =    C^H220^2     +     C'SHISQIS. 

Such  is  the  view  of  the  reaction  given  by  Limpricht  (Grundr.  d.  org.  Chem.  Braun- 
schw.  1854,  680.)     For  Hlasiwetz's  formulae ,  see  Ononin. 

The  sugar  formed  from  ononin  and  onospin  by  the  action  of  dilute 
sulphuric  acid,  remains  in  solution  after  the  second  product  of  the 
decomposition  has  been  removed  by  filtration,  the  sulphuric  acid  by 
carbonate  of  lead,  and  the  excess  of  lead  by  sulphuretted  hydrogen, 
and  is  obtained  by  evaporation  as  a  very  sweet  fermentable  syrup,  in 
which  granular  crystals  form  after  a  few  days.  These  crystals  melt 
at  the  heat  of  the  water-bath,  to  a  viscid  syrup,  which  remains  soft 
after  a  day's  drying  and  exhibits  all  the  reactions  of  grape-sugar. 
(Hlasiwetz,  Wien.  Akad.  Per.  15,  153.)      Rotatory  power  not  examined. 

Paristyphnin  boiled  with  dilute  sulphuric  acid  is  resolved  into  paridin 
and  sugar : 

C"«H"0'«   +   4H0   -  C"H^«0-3   +    OnV^O^K 
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The  jmridin  thus  produced  is  resolved,  by  boihng  with  alarger'quantity 
of  dihite  sulphuric  acid  (  ?  ),  into  paridol  and  sugar  : 

CWIP602S   +   2110   =  C^'H^'-'Qis   +   C12H12012.     (Walz.) 

Phihjr'm  is  resolved  by  boiling  with  dilute  hydrochloric  acid  into 
philygenin  and  grape-sugar ;  by  lactous  fermentation,  into  philygenin 
and  the  products  of  the  decomposition  of  grape-sugar: 

C54J.I34022   +    2H0   =   C'-H240i2    +    C^WO^\     (Bertagniui.) 

From  the  solution  freed  from  philygenin  and  hydrochloric  acid  (by  car- 
bonate of  lead),  the  sugar  crystallises,  after  evaporation  and  re-solution 
in  alcohol,  in  warty  masses  exhibiting  the  properties  of  grape-sugar. 
(Sertagnini,  Ann,  Pharm.  92,  110.) 

Phlorhizia  is  decomposed  by  dilute  acids,  not  by  emulsin,  yielding 
phloretin  and  sugar  (Stas) : 

C42H24O20   +   2H0  =  C30H»Oio   +   Ci2Hi2oit.     (Strecker.) 

Phloretin  boiled  with  alkalis  is  resolved  into  phloretic  acid  (xiii,  308) 
and  phloroglucin  (p.  %Q)i 

CMHHQio   +   2H0   =   C^sHioO"   +   C'^H^O".     (Hlasiwetz.) 

Phlorhizin- sugar  is  difficult  to  crystallise,  and  exhibits  the  proper- 
ties-and  composition  of  crystaUisable  grape-sugar.  (Stas,  Ann,  Pharm. 
30,  200.)  It  reduces  the  same  quantity  of  cupric  oxide  as  dextro-glu- 
cose.  (Roser,  Ann.  Pharm.  74,  178.) 

Pinipicrin  splits  up  into  ericinol  and  sugar  when  its  aqueous  solu- 
tion is  heated  with  acids : 

C44H36022   +   4H0   =  C20H1PO2  +   2C^2Hi20i2.     (Kawalier.) 

Ericolin  treated  with  dilute  acids  yields  the  same  products  in  other 
proportions : 

C68H55041   +   9H0   =  C20Hi«O2  +   4C'2H'20i2.     (Eochleder  &  Schwarz.) 

The  sugar  produced  from  pinipicrin  is  rendered  uncrystallisable  by 
the  foreign  substances  contained  in  it ;  at  100°  it  becomes  soft ;  at  com- 
mon temperature  it  is  solid  and  brittle,  and  is  easily  reduced  to  a 
yellowish  powder  containing  2  p.  c.  ash,  and  after  deduction  of  this, 
39*06  p.  c.  C,  6'62  H.,  and  54*32  0.,  corresponding  approximately  to 
the  formula  C^^ir^O'^  (Kawalier,  Wien.  Akad.  Per.  11,  352.) 

Populin,  when  boiled  with  dilute  acids,  splits  up  into  benzoic  acid, 
saUretin  and  glucose  (Piria) : 

c40H«2oi«  +  2H0  =  ci^H^o^  +  om^o^  +  om^^o^K 

Prophetin  is  decomposed  by  ebullition  with  hydrochloric  acid  into 
propheretin  and  sugar : 

C40H3fiOi*  =  C^H'^0'^   +   4C'2H«Oi2.     (Walz.) 

Quercitrin  is  decomposed  by  dilute  sulphuric  acid  into  quercetin  and 
quercitrin- sugar  (Rigaud) : 

e70H3«O40   +    4H0   =   C^^H^'O^   +    2Ci2H>«Oi2.     (Hlasiwetz.) 
Quercetin   is    further  decomposed   by  boiling  with   potash-ley  into 
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quercetic  acid  and  phlorogluciii  (p.  65).  (Hlasiwetz.)  The  same  pro- 
ducts are  obtained,  but  in  different  proportions  by  the  decomposition 
of  Aljiha-quercetin : 

C58H20O24   4-   4H0  =   C3-'Hi20iG   +   2C12H60S.     (Hlasiwetz.) 

Quercitrin-siigar  is  obtained  as  a  hght-yellow  syrup,  wliich  solidifies 
in  a  crystaUine  mass  on  standing  for  a  few  days  over  sulphuric  acid, 
by  filtering  off  the  quercetin,  separating  the  sulphuric  acid  by  car- 
bonate of  baryta,  evaporating  on  the  water-bath,  decolorising  with 
animal  charcoal,  and  again  evaporating.  It  has  a  sweeter  taste  than 
dextro-glucose.  Does  not  rotate  the  plane  of  polarisation.  Dried  in 
vacuo,  it  contains  34*78  p.  c.  C,  7*24  H.,  and  57*98  0.,  corresponding 
to  the  formula  O^^W^O^\iRO  (calc.  :  34*65  p.  c.  C,  7*47  H.)  When 
warmed  with  potassio-cupric  tartrate,  it  immediately  reduces  the  same 
quantity  of  cuprous  oxide  as  would  be  reduced  by  dextro-glucose. 
(Rigaud,  Ann.  Pharm.  90,  195.) 

Schunck's  Buhianic  acid  splits  up  into  alizarin  and  sugar  when  boiled 
with  dilute  sulphuric  acid,  or  with  aqueous  alkalis,  or  by  contact  with 
water  and  erythrozym.  C^^IP^O^'  -\-  5H0  =  2C^*rP0*  (Alizarin,  accord- 
in?  to  Sclninck ;  see  xiv,  137)  +  SC^ID^O".  — Rocliledcr's  Ruherythric  acid, 
QniiiOQio  01-  c^^II^'O^S  perhaps  identical  with  the  last  substance,  yields 
the  same  products  when  heated  with  hydrochloric  acid.  C'^PP^O*"  = 
3^20^606  -I-  cm^'O'^  +  lOlIO,  or  C^^IP^O^'  =  2G^'W0'  +  H  C^^hizq^- 
+  3H0.  (Rochleder.) 

In  the  complicated  decomposition  of  Schunck's  Rubian  by  the  same 
reagents  and  Ijy  chlorine,  sugar  is  obtained  together  with  various 
other  bodies,  Ridjihydran  and  RiiUdehydran  behave  in  the  same  way. 
(Schunck.) 

Salicin  is  decomposed  into  sahgenin  (xii,  233)  and  glucose  by  con- 
tact with  emulsin : 

C26[ii8oi4   +   2H0   =  C»H«0<   +   Ci2H'20i2.     (Piria.) 

The  sugar  is  in  every  respect  identical  with  dextro-glucose.  (Schmidt.) 
By  boiling  with  dilute  acids,  saliretin  is  obtained  in  place  of  saligenin 
(xii,  232).  (Piria.) 

Saponin  is  decomposed  into  sapogenin  and  saponin-sugar  or  glucose, 
when  boiled  with  dilute  acids.    (Overbeck ;  Rochleder  &  Schwarz,  see 

p.  54.)  See  Saponin  for  the  conjectural  equation  of  decomposition.)  Scnegin 
(isomeric  with  saponin,  according  to  Bolley)  yields,  besides  sapogenin,  a 
substance  which  reduces  potassio-cupric  tartrate.   (Bolley.) 

Saponin-svgar  remains  in  solution  after  the  sapogenin  has  been 
filtered  off,  the  acid  removed  by  carbonate  or  oxide  of  lead,  and  the 
excess  of  lead  by  hydrosulphuric  acid  ;  and,  by  treatment  with  animal 
charcoal  and  evaporation,  is  obtained  as  a  tasteless,  yellowish  brown 
residue,  easily  soluble  in  water.  (Rochleder  &  Schwarz,  Wien.  Akad. 
JBer.  11,  339.)— When  saponin  is  decomposed  with  dilute  sulphuric 
acid,  glucose  remains  in  solution  after  removal  of  the  excess  of  acid, 
and  may  be  obtained  crystallised  by  evaporation.  It  has  a  sweet  taste, 
and  reduces  an  alkaline  solution  of  cupric  oxide  in  the  cold.  (Overbeck, 
i\^.  Br.  Arch.  77,  135.)  Bolley  did  not  succeed  in  determining  saponin- 
sugar  (by  means  of  an  alkaline  solution  of  cupric  oxide  ?).  {Ann.  Pharm. 
91,  120.)  Crawfurd  obtained  gum,  but  no  sugar,  from  saponin,  by 
means   of   dilute   sulphuric  acid.    {Pharm,  VicrtelJ.   6,  361.)  — Saponin- 
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sugar  dried  at  100°  contains,  according  to  Roclileder  &  Schwarz, 
41*99  p.  c.  C,   6*55  II.,  and  51*46  0.,   corresponding  to  the  formula 

Scammoruj-resin  (C^^IP'O^-)  and  Scammonic  acid  {G'^W^O^^ZTiO)  split 
up  into  scammonolic  acid  and  sugar  when  boiled  with  dilute  acids  (or 
with  baryta- water) : 

C68H56032    +    loHO    =    Cs^Hsoo^    +    3C12H12012. 

Like  jalapin  (p.  345),  therefore,  but  with  the  difference  that,  instead  of 
the  product  corresponding  to  jalappinol  (which  is  converted  by  strong- 
bases  into  jalappic  acid),  a  product  containing  1  at.  water  less  is 
formed.  (Spirgatis.  —  On  the  (highly  probable)  identity  of  scammony-resin  with 
jalappin,  see  the  compounds  with  32  at.  carbon.) 

The  sugar  remains  in  solution  after  separation  of  the  scammonolic 
and  sulphuric  acids,  and  can  be  obtained  in  sweet-tasting  laminse 
grouped  in  cauliflower-like  shapes,  which  behave  like  glucose  with 
sulphate  of  copper  and  potash-ley,  when  heated,  and  when  fermented. 
(Spirgatis,  Ann.  Phcirm.  116,  305.) 

Smilacin  is  slowly  decomposed  when  boiled  with  hydrochloric  acid, 
with  separation  of  a  jelly  and  formation  of  sugar.  (0.  Gmelin,  Delffs, 
Walz.) 

Solanin  splits  up  into  solanidin  and  glucose,  when  boiled  with  dilute 
acids  : 

C8fiNH70O32  +  6HO  =  CSONII^OQS  +  ZOm^"-0^K     (Zwenger  &  Kind,  O.  Gmelin.) 

The  sugar  crytallises  well,  and  possesses  the  reactions  and  com- 
positions of  dextro-glucose.  (Zwenger  &  Kind,  Ann.  Fharm.  118,  149.) 
Rotatory  power  not  determined. 

Tlinjin  is  decomposed,  by  heating  its  alcoholic  solution  with  dilute 
acids,  into  thujetin  and  sugar : 

C40HS2O24   +   4H0  =  C^sff^Qis  +   C^^HJ-Gi^. 

When  it  is  heated  for  a  shorter  time,  thujinenin  C^^H^O"  may  also  be 
formed  in  place  of  the  thujetin.  — Thujin,  heated  with  bar^^ta- water, 
yields  thujetic  acid  and  sugar: 

C40H22O24   +   HO  =   C2SHi'Oi3   +   CiSHi-O^s.     (Rochleder  &  Kawalier.) 

When  thujin  has  been  decomposed  by  acids,  the  sugar  remains  in 
solution  after  removal  of  the  thujetin  and  sulphuric  acid  (by  carbonate 
of  baryta),  and,  by  evaporation  and  drying  at  100°,  is  obtained  as  a 
colourless  mass,  which  is  easily  reduced  to  a  white  powder  when  cold, 
and  contains  39*83  p.  c.  C,  and  6*81  II.,  con*esponding  to  the  formula 
QizgizQiz .  its  aqueous  solution  does  not  crystaUise  even  after  standing 
for  several  months  ;  it  reduces  tlie  same  quantity  of  cupric  oxide  as 
dextro-glucose.  The  sweet  sugar  of  the  same  composition,  produced 
by  the  action  of  baryta- water,  sohdifies  (after  removal  of  the  baryta  by 
dilute  sulphuric  acid,  of  the  excess  of  sulphuric  acid  by  basic  acetate 
of  lead,  and  of  the  lead  by  hydro  sulphuric  acid)  to  a  crystalline  mass 
when  its  solution  is  allowed  to  stand  a  short  time  after  evaporation 
on  the  water-bath.  (Rochleder  &  Kawalier,  Wien.  Alcad.  Ber.  29,  12.) 

Xanthorhamnin  is  decomposed  into  rhamnetin  and  sugar  by  boiling 
with  dilute  acids  : 

C4GHS8029   +   6110   =  C-?=ir'^0'o   +   2C'2Hi2oi2.     (Gellatly.) 
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Sorbite. 
C;i2Hi2G»  or  C**H"0**. 

Pelouze.  Compt.  rend.  34,  377 ;  N.  Ann.  Chim.  Phys.  35,  222  ;  N.  J. 
Pharm.  21,  321 ;  Ann.  Pharm.  83,  47;  J.  pr.  Chem.  56,  21  ;  Pharm. 
Centr.  1852,  257. 

Sorbite  exists  in  ripe  mountain-ash  berries,  the  fruit  of  Sorhus  Aucuparia.  {Hand- 
luch,  viii,  Phytochem.  17.)  ^y&c\A  [N.  Repert.  3,4)  did  not  succeed  in  obtaining 
crystals  of  sorbite  from  the  juice  of  fresh  mountain-ash  berries,  but  found  instead  an 
amorphous,  unfermentable  sugar  (Byschl's  amorphous  sorbin),  which  dissolved  easily 
in  alcohol. 

Preparation.  The  expressed  juice  of  mountain-ash  berries,  gathered 
towards  the  end  of  September,  produces  deposits  and  vegetations  when 
left  to  itself  for  13  or  14  months,  and  at  last  becomes  clear  again. 
The  clear  liquid  is  decanted  and  evaporated  to  a  tliick  syrup,  when  it 
yields  repeated  crops  of  crystals,  which  are  obtahied  pure  by  two  crys- 
tallisations with  help  of  animal  charcoal. 

Properties.  Colourless,  transparent,  hard  crystals,  belonging  to 
the  rhombic  or  right  prismatic  system.  Fig.  53  without  i  and  a.  Rhom- 
bic prism  ?/,  whose  edges  are  perpendicularly  truncated  by  p  and  m ; 
further  the  right  terminal  face  t ;  between  t  and  m  the  horizontal 
prism  w,  and  between  y  and  m  a  second  rhombic  prism  y. — y.y  over 
p  =  142°  53'  (obs.) ;  u:v,  over  t  =  141°  11'  (obs.)  ;  u:u  over  m  = 
38°  49'  (calc);  y.y  over  m  =  37°  T  (calc),  =  36°  26'  (obs.);  y:p  = 
161°  26'  (calc);  ?/:m  =  108°  33'  (calc),  =  108°  10'  (ohs.) ;  y' : y  =z 
164°  20'  (obs.);  u:t  =  160°  35'  (calc);  w:m  =  109"24'  (calc);  y:u 
=  96°  4'  (calc),  =  96°  32'  (obs.)  (Berthelot,  J^.  Ann,  Chim.  Phys.  35, 
222). 

Grates  between  the  teeth.  As  sweet  as  cane-sugar.  Sp.  gr.  1*654 
at  15°.  Molecular  rotatory  power  at  7°  temperature,  [a]  7  =  46*9°, 
only  slightly  variable  with  the  temperature,  and  just  as  great  in  a 
freshly-prepared  solution  (Berthelot,  Chim.  organ.  2,  252).  —  Contains 
equal  numbers  of  atoms  of  carbon,  hydrogen,  and  oxygen :  hence,  no 
doubt,  it  is  C^H^^O^^  (Pelouze). 

Decompositions.  1.  Gives  off  acid  water  when  heated,  and  is  con- 
verted after  some  time  at  150°  — 180°  into  a  dark-red  mass,  which 
consists  chiefly  of  Pelouze's  sorhic  acid.  [Not  the  same  as  Hofmann's  sorbic 
acid  {Ann.  Pharm.  110,  129;  Chem.  Soc.  Qu.  J.  12,  43.)]  On  dissolving  the 
residue,  which  is  insoluble  in  water,  aqueous  acids,  or  alcohol,  in  aqueous 
ammonia  or  potash,  a  dark-brown  solution  is  obtained,  from  which 
hydrochloric  acid  throws  down  amorphous  dark-red  flakes ;  these 
contain,  after  drying  between  120°  and  150°,  57*96  p.  c  C,  5*51  II., 
and  36*53  0.,  corresponding,  according  to  Pelouze,  with  the  formula 
(^szjjisQic^  Their  solution  in  ammonia- water  gives  coloured  precipitates 
with  metallic  salts;  with  lead-salts  one  containing  51*35  p.  c  lead- 
oxide,  —  C'lP'O^^SPbO,  according  to  Pelouze. — 2.  Sorbite  melts  when 
quickly  heated  on  platinum-foil,  and  burns  away  with  a  smell  of  cara- 
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mel.  -^  3.  Hot  nitric  acid  converts  it  into  oxalic  acid  (Pelouze.)  Oxi- 
dising agents  also  produce  racemic  acid  (x.  346)  from  sorbite  (Des- 
saignes,  Bull.  Soc.  Chim,  Paris,  1861,  32).  —  4.  Not  altered  when  heated 
with  dilute  acids ;  coloured  reddish-yellow  by  oil  of  vitriol,  charred  on 
heating.  When  heated  for  several  hours  with  fuming  hjdrochloric  acid, 
it  is  converted  into  humous  substances  in  the  same  way  as  glucose 
(p.  315).  (Berthelot,  Chim.  organ.  2,  252.)  — 5.  Sorbite,  heated  to  100° 
with  tartaric  acid,  yields  a  small  quantity  of  a  substance  belonging  to 
the  class  of  saccharides  (p.  316),  whose  hme-salt  reduces  potassio- 
cupric  tartrate  (Berthelot,  N.  Ann.  Chim.  Phys.  54,  82).  —  6.  Becomes 
brown  when  heated  with  potash-ley,  and  evolves  a  smell  of  caramel. 
Heated  with  lime,  hydrate  of  baryta,  or  oxide  of  lead,  it  behaves  in 
the  same  way.  —  7.  The  solution  of  cupric  hydrate  in  aqueous  sorbite, 
and  aqueous  solution  of  sorbite  mixed  with  p>otassio-cupric  tartrate,  deposit 
cuprous  oxide  when  warmed  or  left  to  stand.  —  8.  Not  fermentable 
with  yeast  (Pelouze),  not  even  after  being  heated  with  acids,  but,  when 
left  to  stand  in  contact  with  cheese  amd  chalk,  at  40°,  it  suffers  a  decom- 
position which  gives  rise  to  a  large  quantity  of  lactic  acid,  alcohol,  and 
butyric  acid,  without  previous  formation  of  a  fermentable  sugar 
(Berthelot,  JST.  Ann.  Chim.  Phjs.  50,  350). 

Combinations.  Dissolves  in  about  ^  pt.  cold  water.  The  saturated 
solution  has  sp.  gr.  1*372  at  15°. — Forms,  with  chloride  of  sodium,  a  com- 
pound crystallising  in  cubes. — Aqueous  sorbite  dissolves  hydrate  of  lime 
and  hydrate  of  baryta.  The  solution  of  the  former  deposits  Hocks  when 
heated,  decomposition  occuning  at  the  same  time. 

Sorbite  with  Lead-oxide. — Aqueous  sorbite  dissolves  oxide  of  lead;  it 
does  not  precipitate  basic  acetate  of  lead,  but  on  addition  of  ammonia 
throws  down  a  white  precipitate,  which,  while  being  dried,  smells  of 
caramel,  and  contains,  on  the  average,  74*5  p.  c.  oxide  of  lead,  11-2  C, 
and  1-48  H.,  corresponding  to  the  formula  C^^H''0^4PbO  (calculation: 
74.4  p.  c.  lead-oxide,  12*0  C,  and  1*5  H.)     (Pelouze). 

Aqueous  sorbite  dissolves  cupric  hydrate.  —  It  is  insoluble  in  cold, 
slightly  soluble  in  boiling,  alcohol  (Pelouze). 


Inosite. 

J.  SciiERER.    Ann.  Pharm.  73,  322  ;  J.  pr.  Chem.  50,  32 ;  Pharm.  Centr. 

1850,  422 ;  N.  J.  Pharm.  18,  71 ;  Lieb.  Kopp.  Jahresber.  1850,  537. 
—  Wilrzb.  medic.  Verhandl.  1851,  2,  212  ;  Ann.  Pharm.  81,  375 ;  J.ptr. 
Chem.  54,  405 ;  Pharm.    Centr.  1852,    iy2 ;  Lieb.  Kopp.  Jahresber, 

1851,  552. 

VoHL.     Ann.  Pharm.  99,   125 ;  abstr.  J.  pr.  Chem.  69,   299 ;  N.  Ann. 

Chim.  Phjs.  48,  380.  —  ^W7i.  Pharm.  101,  50 ;  J.  pr.  Chem.  70,  489  ; 

Chem.  Centr.  1857,  356 ;  together  with  the  first  paper :  Lieb.  Kopp. 

Jahresber.  1856,  QQl.—Ann.  Pharm.   105,  330:  abstr.  J.  pr.  Chem. 

74,  125;   Chem.  Centr.  1858,  446;  Kopp' s  Jahresber.  1858,  489. 
Cloetta.     Ziiricher  Naturf.  Verhandl.  3,  402  and  4,  174;  Ann.  Pharm. 

99,  289;  /.  i?r.  Chem.  QQ,  211  and  70,  112;  abstr.  N,  Ann,  Chim, 
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P%.  46,  369;   Chem.  Gaz.   1856,   61;  IJeh.  Kopp.  Jahresher.  1855, 
74:7  and  1856,  708. 

Tnosin,  Phaseomannite.  Discovered  by  Scherer  in  1850.  —  E.Simon, 
{JST.  Br.  Arch.  29,  186),  designates  asFhaseoliii  a  substance,  extracted 
by  ether  from  the  alcohohc  extract  of  white  beans,  which  yields,  with 
cmulsin,  a  volatile  oil. 

Occurence.  In  the  muscle  of  the  heart  (Scherer).  In  the  lung's, 
kidneys,  liver,  and  spleen  of  oxen  (Cloetta),  also  in  the  brahi  (W.  Miil- 
ler).  In  the  human  kidneys,  and  in  the  urine  of  a  sufferer  from  Bright's 
disease  (Cloetta).  At  most,  to  the  extent  of  -^^  p.  c.  Many  other 
parts  of  the  animal  organism  have  been  examined  in  vain  for  inosite. 
(See  Handbuch,\m,  Zooc/ie7n.  80,  205,  489,  512). — In  green  kidney-beans,  the 
unripe  fruit  of  Fhaseolus  vulgaris  (as  much  as  f  p.  c.)   (Vohl). 

Preparation.  From  organs  of  the  animal  hody.  1.  The  muscle  of  the 
heart,  or  other  organs  containing  inosite,  is  exhausted  with  water  as 
directed  (x.  250)  in  the  case  of  creatine,  the  phosphates  are  precipitated 
from  the  liquid  by  baryta- water  ;  the  filtrate  is  evaporated ;  and  the 
creatine  allowed  to  crystallise  out.  The  mother-ley  is  treated  with 
dilute  sulphuric  acid  to  remove  the  dissolved  baryta,  and,  after  removal 
of  the  sulphate  of  baryta,  heated  as  long  as  volatile  acids  escape.  It 
is  then,  in  order  to  remove  the  last  traces  of  volatile  acids  and  of 
lactic  acid,  repeatedly  shaken  up  with  ether  as  long  as  anything  is 
taken  up  from  it.  The  liquid,  separated  from  the  ether  is  mixed  with 
alcohol  till  a  turbidity  begins  to  appear ;  then,  after  standing  for  some 
time,  it  is  poured  oif  from  the  precipitated  sulphate  of  potash,  and 
mixed  with  more  alcohol,  whereby  crystals  of  inosite  mixed  with  sul- 
phate of  potash  are  obtained.  The  crystals  of  the  former  are  picked 
out  and  dissolved  in  a  small  quantity  of  warm  water,  which  leaves  the 
more  difficultly  soluble  sulphate  of  potash,  and  are  purified  by  recrys- 
tallisation  (Scherer). — 2.  The  fresh-chopped  tissue  is  covered  with 
water,  and  allowed  to  stand  for  24  hours  in  a  cool  place  with  frequent 
stirring ;  the  liquid  is  then  separated  and  the  residue  pressed ;  the  solu- 
tion is  heated  with  a  little  acetic  acid  to  separate  albumin  and  hiBma- 
tin  ;  strained,  evaporated  on  the  water-bath  to  one  tenth ;  precipitated 
with  sugar  of  lead,  and  filtered ;  and  the  filtrate  is  mixed  with  basic 
acetate  of  lead,  whereupon  inosite  is  thrown  down  in  combination  with 
oxide  of  lead,  accompanied,  when  these  are  present,  by  uric  acid,  cystin, 
and  other  substances.  The  precipitate,  after  being  somewhat  washed,  is 
decomposed  under  water  by  hydrosulphuric  acid,  and  the  hquid  fil- 
tered from  the  sulphide  of  lead ;  it  then  sometimes  deposits  crystals  of 
uric  acid,  and  when  evaporated  to  a  small  bulk  on  the  water-bath,  and 
mixed  with  alcohol  till  a  turbidity  is  produced,  it  yields  crystals  of 
inosite  (Cloetta).  Sugar  of  lead  may  also  be  added  at  once  to  the 
water  used  for  making  the  extract  (W.  Miiller.) — 3.  The  liquid  from 
which  the  inosite  is  to  be  separated  is  concentrated  by  evaporation, 
and  mixed,  boiling,  with  three  or  four  measures  of  alcohol ;  if  a  large 
precipitate,  which  sticks  to  the  bottom,  is  thus  produced,  the  hquid  is 
poured  off  hot,  but  if  only  a  slight,  not  sticky,  precipitate  is  produced, 
the  hot  solution  is  filtered  through  a  previously  heated  funnel,  and  left 
to  stand  for  24  hours,  when  crystals  of  inosite  are  deposited,  and  are 
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washed  with  a  small  quantity  of  cold  alcohol.  If  the  precipitate 
caused  by  hot  alcohol  is  dissolved  in  a  small  quantity  of  boiling  water, 
and  treated  like  the  first  solution,  a  further  quantity  of  inosite  is 
obtained.  —  In  case  no  inosite  separates  from  the  cooled  solution,  the 
crystallisation  may  be  facilitated  by  adding  ether  till  a  turbidity  remains 
after  shaking  (Cooper  Lane,  Ann.  Pharm.  117,  118). 

From  French  beans.  —  The  fruit  cut  up  in  the  bean-mill  is  hung  in 
a  pressing  bag  for  half  an  hour  in  boihng  water,  or  in  steam,  whereby 
it  is  rendered  fit  for  pressing ;  the  expressed  hquid  is  then  evaporated 
to  a  syrup  on  a  water-bath,  and  alcohol  is  added  till  a  permanent  tur- 
bidity is  produced.  The  crystals  which  form  are  purified  by  repeated 
crystallisation  from  water  with  help  of  animal  charcoal  (Vohl).  Vohl 
formerly  destroyed  the  sugar  of  the  beans  by  fermentation  at  the  beginning. 

Properties.  Anhydrous  inosite  is  obtained  by  drying  crystallised 
inosite  at  100°  or  in  vacuo,  as  a  white  effloresced  mass,  which  melts 
only  at  a  temperature  exceeding  210°, — then  yielding  a  colourless 
liquid,  which  solidifies  in  the  crystalline  state  when  quickly  cooled,  and 
to  an  amorphous  mass  when  cooled  slowly, — but  does  not  lose  weight  or 
undergo  further  alteration  (Scherer).  White,  opaque  crystals  of  an- 
hydrous inosite  separate  when  the  aqueous  solution  is  cooled  below  0°. 
(Vohl.)     Tastes  purely  sweet.     Has  no  rotatory  power.     (Vohl.) 

at  100°,  or  in  vacuo.                     Scherer.  Vohl.  Cloetta. 

12  C  72  ....  40-00  ,.,.  40-12  40-03  40-00 

12  H  12  ....   6-67  ....   6-69  6*68  6-71 

12  O  96     ....     53-33  ....     53-19  ., 5329  53*29 

C12H12012    180     ....   ICOOO     ....  100-00     100-00     100-00 

Vohl  examined  inosite  from  beans. 

Decompositions.  1.  After  dehydrated  inosite  has  been  melted  above 
210°,  it  swells  up  when  more  strongly  heated,  and  evolves  gas 
which  burns  with  a  pale  blue  flame  ;  it  is  afterwards  charred,  and  then 
burns  with  a  brightly  luminous  flame,  leaving  an  easily  combustible 
cinder.  (Scherer.)  When  quickly  heated,  it  gives  off  vapours  which 
excite  tears  and  produces  a  smell  of  burnt  sugar.  (Vohl.)  —  2.  Aqueous 
inosite  is  not  affected  by  ozone.  (Gorup-Besanez,  A?in.  Pharm.  110, 
103.)  —  3.  The  solution  of  inosite  in  dilute  nitric  acid  does  not  give  off 
nitrous  acid  till  moderately  concentrated,  and,  after  evaporation  to 
dryness,  contains  oxahc  acid.  The  aqueous  solution  of  the  residue, 
freed  from  oxalic  acid  by  carbonate  of  lime,  deposits,  on  standing,  mag- 
nificent purple-red  flocks,  soluble  in  dilute  acids  and  precipitable  without 
alteration  by  ammonia.  (Vohl.)  When  aqueous  inosite  is  evaporated 
nearly  to  dryness  with  nitric  acid,  the  residue,  moistened  with  ammonia 
and  a  small  quantity  of  solution  of  chloride  of  calcium,  and  again 
evaporated,  leaves  a  rose-coloured  residue.  (Scherer,  Vohl.)  Inosite 
dissolves  without  evolution  of  gas  in  cold  or  boiling  nitric  acid  of  sp.  gr. 
1*52,  forming  a  solution  whence  oil  of  vitriol  precipitates  nitro-inosite. 
(Vohl.)  —  4.  Dissolves  without  coloration  in  cold  oil  of  vitriol,  or  in  oil 
lof  vitriol  heated  to  100°,  and  is  not  blackened  till  more  strongly  heated, 
Wd  then  evolves  sulphurous  acid.  (Vohl.)  Inosite  is  not  altered  by 
boiling  with  dilute  acids.  (Scherer,  Vohl.) — 5.  May  be  boiled  with  con- 
centrated potash-let/,  or  with  haryta-ivater,  without  alteration  or  colora- 
tion.   (Scherer,  Vohl.)  —  6.  The  aqueous  solution  mixed  with  cupric 
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sulphate  yields,  on  addition  of  potash-ley,  a  bluish  green  precipitate  which 
quickly  disappears  on  addition  of  excess  of  potash.  No  cuprous  oxide 
separates  from  the  solution  on  boiling,  but  a  light  blue  precipitate  falls 
when  the  liquid  is  left  to  stand  for  several  days.  (Scherer.)  Aqueous 
inosite  yields,  when  heated  with  potassio-cupric  tartrate^  a  green  solution, 
whence  a  bulky  green  precipitate  separates,  the  supernatant  liquid 
again  becoming  blue.  After  removing  the  precipitate,  the  filtrate 
shows  the  same  change  of  colour  when  heated.  (Cloetta.)  The  change 
of  colour,  which  occurs  on  heating  the  deep  azure-blue  mixture  of 
inosite  and  potassio-cupric  tartrate,  is  not  remarkable,  and  is  due,  as 
well  as  the  production  of  the  precipitate,  to  the  presence  of  traces  of 
foreign  substances.  (Vohl.)  —  7.  Inosite  is  not  capable  of  undergoing 
vinous  fermentation.  (Scherer.)  In  contact  with  cheese,  flesh,  or  de- 
caying membrane,  and  chalk,  it  undergoes  lactous  fermentation,  car- 
bonic, lactic,  and  butyric  acids  being  formed.     (Scherer,  Yohl.) 

Combinations,  —  With  Water.  —  Hydrated  Inosite,  C^'^W^O^'^,iT{.0. 
Obtained  from  concentrated  solutions,  in  tabular  crystals  resembling 
gypsum,  an  inch  long  and  several  lines  broad.  (Vohl.)  Oblique  pris- 
matic crystals,  for  the  most  part  in  cauliflower-like  groups.  (Scherer.) 
Prisms  belonging  to  the  right  prismatic  system,  with  angles  of  138°  52' 
and4i°  8'.  (Cloetta.)  Sp.  gr.  1-1154  at  5°.  (Vohl,)  The  crystals 
become  white  and  opaque  in  dry  air,  in  vacuo  over  sulphuric  acid,  or  at 
100°,  and  lose  16*6  p.  c.  water  of  crystaUisation  (4  at.  =  16"66  p.  c), 
being  converted  into  anhydrous  inosite.     (Scherer,  Vohl,  Cloetta.) 

Hydrated  inosite  dissolves  in  6  pts.  water  at  19°  (Vohl),  in  6|-  pt^. 
at  24°  (Cloetta).  The  concentrated  solution,  of  sp.  gr.  1-0548  at  19°, 
is  not  syrupy,  and  not  subject  to  spontaneous  decomposition.     (Vohl.) 

Aqueous  inosite  dissolves  chloride  of  sodium  and  chloride  of  potassium, 
which  crystaUises  out  alone  on  evaporation.     (Vohl.) 

Solution  of  inosite  does  not  precipitate  solution  of  sugar  of  lead. 
Basic  acetate  of  lead  throws  down  from  aqueous  inosite  a  transparent 
jelly,  which  after  a  few  moments  becomes  pasty  and  white,  and  dries 
up,  after  being  washed  with  water  and  alcohol,  to  a  yellow  pulverisable 
mass,  which  at  100°,  contains  76-5  p.  c.  oxide  of  lead,  correspondin< 
to   the   formula    G^''B}''0'\bVhO   (calculation;    75-6   p.  c.  lead  oxide). 

(Cloetta.)  The  formula  Ci2HiipbO»2,4PbO,  which  contains  1  at.  water  less,  agrees 
better.     [Kr.]     Vohl  got  no  lead-salt  of  constant  composition. 

Shghtly  soluble  in  cold  aqueous  alcohol,  more  soluble  at  the  boilin« 
heat ;  insoluble  in  absolute  alcohol.    Does  not  dissolve  in  ether. 


Nitro-inosite. 
Ci2]S[6ii6036  =  c^'^X^n^O". 

Vohl.  loc.  cit. 

Inosine  hexanitrique. 

Dehydrated  inosite  is  dissolved  in  nitric  acid  of  sp.  gr.  1*52  and  the 
solution  is  precipitated  with  oil  of  vitriol.  The  product,  which,  according 
to  the  temperature  retained  by  the  mixture,  separates  either  as  powder  oi 
as  oil-drops  which  soUdify  to  crystaUine  masses,  is  well  washed  witlj 
water  and  recrystallised  from  boiling  alcohol. 
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Ehombolicdrons,  often  some  lines  in  length.  Melts  to  an  oil  when 
heated,  and  solidifies  to  an  amorphous  mass  which  becomes  crystaUine 
after  a  few  days.     Permanent  in  dry  or  moist  air. 


Vohl. 

12  C 

...     72     . 

...     16-00     ... 

1608 

6  N 

...     84     . 

..     18-67     ... 

....     18-58 

6  H 

...       6     . 

..       1-33     ... 

1-41 

36  0 

...  288     . 

..     6400     ... 

....     63-93 

CisxGH^Oi^    . 

..  450     . 

..   100-00     ... 

....   100-00 

Deflagrates  without  residue  when  quickly  heated,  and  detonates 
under  the  hammer. — Decomposed  when  warmed  with  concentrated 
acids — Dissolves  with  dark  brown  colour  and  evolution  of  ammonia  in 
cold  or  warm  potash-ley.  The  alkaline  solution  precipitates  cuprous 
oxide  from  potassio-cnpric  tartrate,  and  a  mirror  of  metalUc  silver  from 
ammonio-nitrate  of  silver.  —  Nitro-inosite  treated  with  nitric  acid, 
ammonia  and  chloride  of  calcium  shows  the  coloration  of  inosite  (p.  353). 

Insoluble  in  water ;  dissolves  easily  in  alcohol. 


Scyllite. 

Stadeler  &  Frerichs.     J.  pr.    Chem.  73,  48  ;  Chem.  Centr.  1858,  372  ; 
Chem.  Gaz.  1858,  281  ;  Kopp's  Jahresher.  1858,  550. 

Occurrence.  Most  abundantly  in  the  kidneys  of  the  ray  and  shark, 
also  in  the  liver  and  spleen  of  the  former  and  in  the  liver  and  gills  of 
the  latter.     In  the  kidneys  of  the  prickly  dog-fish. 

Preparation.  The  organs  of  the  above-mentioned  fishes,  triturated 
with  coarsely-powdered  glass,  are  stirred  up  with  l^  to  2  measures  of 
alcohol,  and  pressed,  the  residue  is  treated  again  with  a  small  quantity  of 
alcohol,  and  the  extracts  are  filtered  and  evaporated.  The  residue  is  dis- 
solved in  water  ;  the  fat  and  undissolved  gelatinous  matter  are  filtered 
off;  and  the  filtrate  is  evaporated  to  a  syrup,  covered  with  hot  absolute 
alcohol,  and  left  to  stand  for  24  hours,  whereby  urea,  sometimes  also 
leucine,  tyrosine,  and  other  bodies  pass  into  solution,  while  a  brown 
mass  separates  out.  This  is  dissolved  in  water  and  left  to  evaporate 
spontaneously  until  crystals  have  separated,  which  are  then  removed 
from  the  mother-ley  and  freed  from  the  chloride  of  sodium,  which  has 
also  crystaUised  out,  by  mechanical  selection.  The  crystals,  which 
are  either  taurine  or  scyllite,  or  a  mixture  of  both,  are  treated  with 
basic  acetate  of  lead  in  moderately  concentrated  solution,  and  so  yield 
the  insoluble  lead-compound  of  scyllite,  which  is  decomposed  under 
water  by  hydrosulphuric  acid.  The  scyllite  is  obtained  crystaUised 
by  evaporating  the  solution  filtered  from  the  sulphide  of  lead,  or  by 
slowly  adding  alcohol  to  it. 

Properties.  Isolated,  well-developed  prisms  or  tables,  possessing  a 
strong  vitreous  lustre,  belonging  to  the  oblique  prismatic  system,  the 
base  abutting  on  the  acute  edge ;  when  rapidly  formed,  they  resemble 
inosite.     Taste,  slightly  sweet.     Permanent  in  the  air.     Neutral. 

2  a2 
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Decompositions.  Melts  with  difficulty  when  heated  in  a  glass  tube, 
swells  up  when  charred,  and  evolves  acid  vapours  and  a  smell  of 
caramel.  —  Burns  with  flame  upon  platinum  foil,  leaving  an  easily  com- 
bustible charcoal. — Not  altered  by  oil  of  vitriol,  either  cold  or  slightly 
warm ;  decomposed  when  heated,  with  evolution  of  sulphurous  acid,  the 
solution  acquiring  a  yellow,  and  at  last  a  red-brown  colour. — Does  not 
jDolour  boihng  soda-ley,  or  reduce  alkaline  cupric  solutions. — With  niti'ic 
ac'id,  ammonia  and  chloride  of  calcium,  it  does  not  behave  in  the  same  way 
as  inosite  (p.  353). 

Less  soluble  in  water  than  inosite.  Insoluble  in  cold  nitric  acid  of 
sp.  gr.  1*3 ;  dissolves  slowly  in  the  same  acid  when  boiling,  and  is 
precipitated  without  alteration  by  alcohol. — Sugar  of  lead  does  not  pre- 
cipitate its  aqueous  solution  ;  basic  acetate  of  lead  throws  down  a  pasty 
precipitate.  Insoluble  in  alcohol,  and  precipitable  thereby  from  its 
aqueous  solution. 
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Proust.     N.  Gehl  2,  83 ;  Ann.  Chim.  57,  143. 

BucHHOLZ.     Taschenbuch,  1809,  150. 

A.  VoGEL.     Schw.  37,  365. 

Brendecke.     N.Br.  Arch.  \Q,  A^. 

Favre.     N.  Ann.  Chim.  Phys.  11,  71 ;  J.  pr.  Chem.  32,  362. 

Knop  &  ScHNEDERMANN.  Ann.  Phavm.  49,  243. — Ann.  Pharm.  51, 
132;  J.pr.  Chem.  32,  411. 

Leuchtweiss.     A7in.  Pharm.  53,  128. 

Strecker.     Ann.  Pharm.  73,  68. — 92,  80. 

A.  Knop.  Pharm.  Centr,  1849,  801.— 1850,  49;  Ann.  Pharm.  74,  347; 
J.  pr.  Chem.  48,  362. 

Berthelot.  Combinations  with  acids :  Compt.  rend.  42,1111;  J.pr. 
Chem.  69,  450;  Chem.  Centr.  1856,  625;  in  detail:  N.  Ann.  Chim. 
Phys.  47,  297;  abstr.  Lieb.  Kopp.  Jahresber.  1856,  652. — Fermenta- 
tion :  Compt.  rend.  43,  238  ;  N.  J.  Pharm.  30,  269  ;  J.  pr.  Chem. 
69,  454;  Chem.  Centr.  1856,  749;  in  detail:  N.Ann.  Chim.  Phys. 
50,  322 ;  abstr.  Lieb.  Kopp.  Jahresber.  1856,  6€4 ;  and  Kopp's  Jahres- 
ber. 1857,  509.— Occurrence:  N.Ann.  Chim.  Phys.  46,  83. — Solubility 
of  Lime  iuMannite,  N.  Ann.  Chim.  Phys.  46,  173  -  -Chimie  organique, 
Paris,  1860,  vol.  2. 

Ubaldini.  Compt.  rend.  45,  1016 ;  N.  J.  Pharm.  37,  56  ;  J.  pr.  Chem. 
74,  221;  Chem.  Centr.  1858,  175;  in  detail:  N.  Ann.  Chim.  Phys. 
57,  213;  Cimento,  7,  113. 

De  Luca.  Compt.  rend.  47,  295  ;  N.  J.  Pharm.  34,  353 ;  J.  pr.  Chem. 
77,  457. 

Gorup-Besanez.     Ann.  Pharm.  118,  257. 

Erleotheyer  &  Wanklyn.  Zeitschr.  Ch.  Pharm,  4,  606 ;  Proc.  Roy. 
Soc.  11,  447. 

Linnemann.     Ann.  Pharm.  123,  136. 

Manna-mgar,  Mannazucker.  —  Di^QOYQxedi  in    1806   by  Proust. — A  COn- 
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stituent  of  the  manna  which  exudes  horn.  Fraxinus  rotundifoUa,  F.  Ornus 
and  F.  excelsior;  according  to  Leuchtweiss  {Ann.  Pharm.  53, 127),  it  forms 
'\2'^  p.  c.  of  Manna  canellata,  37*6  p.  c.  of  M.  canellata  infragmentis,  32  p.  c. 
of  M.  calabrina. — It  is  found  in  the  manna  from  the  Cape  Verd  Islands 
(Berthelot);  in  the  manna  of  the  spindle-tree,  produced  by  the  punctures 
of  Aphis  Evonymi  (Lassaigne,  J.  Pharm.  4,  526) ;  in  the  honey-dew  of 
the  lime-tree  (Langlois,  /.  pr.  Chem.  29,  444 ;  Reinsch,  Jahrh.  pr. 
Pharm.  14,  153)  ;  in  Lactucarium  (Ludwig,  N.  Br.  Arch.  50,  1 ; 
Aubergier).  —  It  remains  doubtful  whether  mannite  is  contained  in  : 
the  manna  of  Pinus  picea,  which,  according  to  Barwinkel  {Berl.  Jahrh. 
2G,  1,  191)  behaves  like  ash-tree  manna;  in  the  honey-dew  which, 
according  to  Wahlenberg,  exudes  from  the  leaves  of  Hedysaimm  Alhagi, 
of  various  oriental  oaks,  Ficus  bengalensis,  Phwnix  dactylifera,  Acer  plan- 
tmio'ides ;  in  the  manna  which  exudes  from  the  young  twigs  of  Quercus 
bengalensis,  from  the  trunk  and  boughs  of  Ceratonia  Siliqua,  and  from 
llei^acleum  sibiricum  and  various  species  of  Carex  when  dried.  —  For  the 
composition  of  the  manna  of  Sinai  and  that  of  Kurdistan,  seepage  241. 

The  following  plants  and  parts  of  plants  contain  mannite  ready 
formed:  the  roots  of  Aconitum  Napellus  (T.  &  H.  Smith,  Pharm.  J.  Trans. 
10,  124  ;  Lieh.  Kopp.  Jahresber.  1850,  535),  of  celery,  ixoi^Apium  graveo- 
Ze«5  (Hiibner,  N.  Tr.  4,   1,  308  ;  Payen,  Ann.   Chim.  Phys.  55,  219);   of 
Meum  athamanticum  (Reinsch,  Jahrh.  pr.  Pharm.  14,  389)  ;  of   (Enanthe 
crocata  {Handhuch,  viii.  Phytochem,  46);  of  Polypodium  vidgare  (Desfosses, 
ihid.  92);  of  Scorzonera  hispanica  (Witting,  N.  Br.  Arch.  105,  286);  the 
root-bark  of  Tunica   Granatum  [constituting  Latour's   Granatin.     {J. 
Pharm.  17,  513  and  601)].    (Mitouard,  Boutron-Charlard  &  Guillemette, 
J.  Pharm.  21,  169;  Ann.  Pharm.  14,  221);  the  roots  of  Triticum  repens. 
(Yolcker.)    The  mannite  existing  in  the  extract  of  the  last-named  root  was  distin- 
guished by  PfafF  {Mat.  med.  6,  110)  as  grass-root  sugar  {GraswurzelzucJcer)  ;    it  is 
perhaps  not  always  present,  wherefore  Stenhouse  {Ann.  Pharm.  51,  354)  did  not  find 
any  ;  sometimes  however  it  exists  in  considerable  quantities.  (Volcker,  Ann.  Pharm. 
59,  380.)  —  The  bark  of  Canellaalha  {Handbuch,  viii.  Phytochem.  27)  con- 
tains about  8  p.  c.  of  mannite  (W.  Mayer  &  Reiche,  Ann.  Pharm.  47,  234), 
not,  as  supposed  by  Petroz  &  Robinet  {J.  Pharm.  8, 198),  a  pecuhar  kind 
of  sugar ;  that  of  Fraxinus  excelsior  contains  mannite  [Keller's  Fraxinin 
{Eepert.  44,  438)].  (Rochleder  &  Schwarz,  Ann.  Pharm.  87,  198  ;  Sten- 
house, ^  Tin.  Pharm.  91,  255.)  —  The  leaves  (Roussin,  J.  Chim.  med.27^ 
754)  and  young  twigs  of  Syringa  vulgaris  contain  mannite  [which,  mixed 
with  Lilacin,  constitutes  Bernays'  Syringin  (Bepert.  24,  348)],  (Ludwig, 
N.  Br.  Arch.  91,  289)  :  also  the  leaves  of   Ligustrum  vulgare  (Polex ; 
Kromaj^er,  N.  Br.  Arch.  101,  281),  celery-leaves  (Vogel),  the  foliage  of 
Cocos  nucifera  (Bizio,  J.  Pharm.  19,  455);  the  fruit  of  Lamms  Persea 
(Avequin,  Ann,  Pharm.  32,  313  ;  Melsens,  Ann.  Chim.  Phys.  72,  109),  of 
Cactus  opuntia  (De  Luca,  Cimejito,  3,  407).  —  Coffee-beans  contain  man- 
nite, according  to  Dobereiner  {N.  Br.  Arch.  43,  27).     Ergot  of  one  year 
contained  mannite,  that  of  another  year  mycose  (p.  301).  (Mitscherlich.) 
■ — Msmj fungi Gontsim  mannite  (see  p.  301 ;  also  Handbtich^Yui.  Phytochem, 
97). — On  algce  (Handbuch,  yHi.  Phytochem,  93)  there  is  often  found  an 
efflorescence    of    mannite    (Vauquehn,  Gaultier  de   Claubry),   which, 
according  to  Stenhouse  (Ann.  Pharm.  51,  349)  may  also  be  obtained 
from  the  dry  algse  ;  according  to  Phipson  {Compt.  rend.  43,   1056  ; 
Chem.  Centr.  1857,  77),  mannite  does  not  exist  in  fresh  algae,  but  is 
formed,   according  to  him  and  to  Soubeiran  (iV.  J.  Pharm.  31,  219), 
from  vegetable  mucilage  by  fermentation. 
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Gmelin  is  also  inclined  to  regard  as  mannite,  Hunefeld's  Primulin  {J.  pr.  Chem. 
7,  58  ;  N.  Br.  Arch.  8,  249)  obtained  from  the  roots  of  Primula  veris. 

Formation.  Under  the  influence  of  the  peculiar  ferment  which 
excites  mucous  fermentation,  cane-sugar  (and  therefore  no  doubt  also 
dextro-  and  laevo-glucose)  spUts  up  into  mannite,  carbonic  acid,  and 
gum.     (Pasteur,  Bull.  Soc.  Chim.  Paris,  1861,  30 ;  see  p.  280). 

Mannite  can  be  obtained  after  fermentation  from  vegetable  juices 
which  previously  did  not  contain  any.  (Fourcroy  &  Vauquelin ;  Pelouze, 
Ann.  Chim.  Phys.  47,  411.)  No  mannite  is  formed  when  the  sugar  of 
carrot-juice  ferments  by  itself,  but  when  the  pectin-substances  are  left 
in  it,  the  juice  gets  thick,  like  white  of  e^^,  and  produces  mannite. 
(Vauquelin.)  The  presence  of  mannite  after  fermentation  has  been 
observed  in  the  juice  of  onions  (Fourcroy  &  Vauquelin,  Ann.  Chim. 
65,  166;  N.  Gehl.  5,357);  in  mangold-wurzel  juice  (Braconnot,  Ann. 
Chim.  85,  95  ;  Jules  Gay-Lussac  &  Pelouze,  see  xi,  478) ;  in  extract  of 
jalap-root  (Herberger,  Jahrb.  pr.  Pharm.  4,  8);  in  the  juice  of  the 
tubers  of  Helianthus  tuberosus  (Braconnot) ;  of  Cyclamen  europceum  (De 
Luca,  Compt.  rend.  47,  296) ;  in  the  aqueous  extract  of  the  roots  of 
Taraxacum  officinale  (Frickhinger,  Pepert.  73,  55;  T.  &  H.  Smith, 
J.  Chim.  med.  26,  135);  further,  in  lactous  fermentation  (Boutron  & 
Fremy,  see  xi,  473 ;  Bensch,  Ann.  Pharm.  61,  174);  in  the  preparation 
of  lactic  acid  by  Bensch's  process  (xi,  475),  if  the  fermentation  has 
gone  on  between  0°  and  20°  (Strecker,  Ami.  Pharm.  92,  80);  in  the 
fermentation  of  honey  (Guibourt,  Ann.  Chim.  Phys.  16,  371). 

Mannite  exists  in  cider  after  the  vinous  fermentation  has  had  its 
regular  course  ;  it  is  perhaps  present,  ready-formed,  in  the  apples. 
(Berthelot.) 

The  sugar  which  results  from  the  decomposition  of  kinovin  by 
alcoholic  hydrochloric  acid  is  identical  with,  or  alhed  to,  mannitan. 
(Hlasiwetz.  — See  page  345.)  —  According  to  Fremy  (/.  pr.  Chem.  8, 
197),  mannite  is  produced  by  boiling  starch  with  acids,  and  may  be 
extracted  by  alcohol  from  the  dextro -glucose. 

From  inverse-sugar,  by  the  action  of  sodium-amalgam  on  its 
neutral  aqueous  solution : 

C12H12012     +      H2     =     Ci2H"Oi2.     (Linnemann.) 
Sugar.  Mannite. 

Preparation.  From  Manna.  1.  Manuals  dissolved  in  3  pts.  water,  the 
solution  precipitated  with  basic  acetate  of  lead ;  the  lead  removed  from 
the  filtrate  by  hydrosulphuric  acid ;  the  solution  evaporated  to  a  syrup 
after  separation  of  the  sulphide  of  lead,  and  the  syrup  poured  into 
hot  alcohol:  mannite  then  crystallises  out  on  cooling.  (Bonsall, 
N.  Br.  Arch.  84,  70.)  —  2.  Fermenting  yeast  is  added  to  the  aqueous 
solution  of  manna,  in  order  to  destroy  the  sugar  contained  in  it ;  and  the 
liquid  is  decolorised  with  animal  charcoal  when  the  fermentation  is 
complete,  and  then  evaporated  to  the  crystallising  point,  the  crystals 
being  purified  by  recrystalhsation  from  boiling  alcohol  of  82  p.  o. 
(Leuchtweiss.)  —  3.  Manna  is  dissolved  in  half  its  weight  of  rain- 
water ;  the  solution  is  clarified  with  white  of  eg^,  and  strained  boiling 
hot  through  a  woollen  bag ;  the  crystalline  mass  obtained  on  cooling 
is  stirred  up  to  a  pulp,  drained  and  pressed ;  and  the  Hquid  that  runs 
away  is  concentrated  and  treated  in  the   same  way.     The   cake  of 
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mannite  so  obtained  is  purified  by  being*  stirred  up  with  water  to  a  thick 
pulp,  the  Hquid  is  allowed  to  drain  away,  and  what  is  left  is  pressed 
out ;  the  remaining"  mannite  is  dissolved  in  6  or  7  pts.  of  hot  water,  and 
the  solution  treated  with  animal  charcoal,  filtered  hot,  evaporated,  and 
left  to  crystallise  (Ruspini,  Ann.  Pharm.  65,  203  ;  Lieh.  Kopp.  Jahresher. 
1847  and  1848,  793).  —  4.  Manna  is  boiled  with  aqueous  alcohol,  the 
solution  is  filtered  hot,  and  the  crystals  which  separate  are  purified 
by  crystallisation  from  water  or  alcohol  (Proust.)  The  manna  con- 
tained in  fermented  liquids  is  obtained  by  exhausting  the  extract  with 
alcohol,  after  previously  removing,  when  necessary,  the  substances 
precipitable  by  basic  acetate  of  lead. 

Properties.  Long  prisms  or  needles,  more  rarely  short  prisms  be- 
longing to  the  rhombic  or  right  prismatic  system,  sometimes  grouped 
together  in  bunches,  united  into  sheaves,  or  arranged  in  stars.  Com- 
monly a  rhombic  prism  y  {Fig.  53),  whose  acute  lateral  edges  are 
truncated  perpendicularly  l3y  m,  the  summits  being  bevelled  by  w ;  or  a 
rhombic  prism  ?/,  whose  acute  edges  are  perpendicularly  truncated  hy 
m,  and  obtuse  edges  by  p ;  between  y  and  m  a  second  prism  y\  and 
besides  the  bevelling  face  u,  a  second  horizontal  prism  u'  between 
u  and  m.  u  :  v!  (above)  =  125"  3'  (observed) ;  u'  :  u'  (over  m)  = 
54°  57'  (calculated);  m  :  v'  =.111°  28'-5  (calc),  =  117^  26'-5  (obs.) ; 
y  :  y  (over  ?/i)  =  50°  31'  (obs.)  ',  y  i  y  (over^)  =  129°  29'(  calc.)  ;  m  :  y 
=  115°  ]5'-5  (calc),  =  115°  18'  (obs.) ;  q  :y  =  154°44'-5  (calc);  m  :  u 
=  104°  36'  (calc) ;  u:  u  (above)  =  150°  48'  (obs.);  u  :  u'  =  167°  8'-5 
(obs.);  p  :  y=  136°  40'-5  (obs.);  m  :  y  =  133°  19'-5  (obs.);  y  :  y 
(over  m)  =  86°  39'  (obs.).— Different  vertical  prisms  occur  in  other 
crystals,  whereon  Schabus  observed  the  following  angles : —  m  :  y"  = 
103°  10' ;  p  '.  y"  =  139°  45' ;  m  -.  y^  =  163°  4.' ;  p  :  y^  =  173°  20'. 
The  surface  of  the  acicular  crystals  smooth  and  even ;  the  vertical 
faces  of  the  prismatic  crystals,  with  the  exception  of  y,  m,  and  p,  ver- 
tically striated.  Cleavage  very  perfect  parallel  to  w,  less  perfect  parallel 
to  p.  perpendicular  to  these  directions  very  shght.  Fracture  conchoidal. 
Lustre  vitreous  on  u  and  u',  pearly  on  m  ;  the  vertical  prisms  have  a 
pearly  vitreous  lustre.  Transparent,  semi-transparent,  colourless  to 
white.  Streak  white.  Hardness  =  2'5.  (Schabus,  Kiystallgest.  Wien, 
1855,  87.) 

Melts  at  166°  (Favre),  164°  to  165""  (De  Luca),  165°  (Berthelot), 
between  165"  and  166°  (Linnemann),  and  solidifies  (at  162° :  Favre)  when 
cooled  below  140°,  to  a  crystalline  mass.  Volatihses  slowly  when  kept 
melted,  and  sublimes  without  alteration ;  enters  into  ebullition  at  about 
200°,  part  subhming  or  distilling  over  with  the  water,  and  part  being 
converted  into  mannitan,  most  of  it,  however,  remaining  unchanged. 
Small  quantities  can  be  volatihsed  almost  completely  on  platinum  foil. 
Does  not  diminish  in  weight  when  heated  for  a  long  time  to  120°. 
(Berthelot.)  Tastes  slightly  and  agreeably  sweet.  Acts  as  a  purgative. 
(Vogel.)  Becomes  luminous  by  friction.  CBonastre,  J.  Pharm.  19,  632.) 
Neutral. —  Has  no  rotatory  power.  (Biot,  Compt.rend.  10,49;  Ventzke). 

Prout.  Liebig.       Kircher.  Knop  &        Linne- 

Schnedermann.    mann. 

12  C     ....     72  ....     39-56  ....     38-70  ....     39-42  ....     39-37  39-67  ....     39-52 

14  H    ....     14  ....       7-69  ....       6-81  ....       7*71  ....       7*90  7-69  ....       7-87 

12  O  ....  96  ....  52-75  ....  54-49  ....  52-87  ....  52-73  52-64  ....  52-61 

C12H14012  182  ....  100-00  ....  100-00  ....  100-00  ....  100-00  100-00  ....  100-00 
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Saussure,  Oppermann  (Poyg.  23,  4-^3),  and  many  others,  have  also  analysed  raan- 
nite.  Liebig  (Ann.  Pharm.  9,  23)  calculated  the  true  formula  from  Oppermann's 
analyses,  and  it  was  definitely  established  by  Strecker's  analyses  of  nitro-mannite. 
Earlier  formulae  :  O^U^^O^^  (Proust),  QJB^O^  (Saussure),  C^H^O^  (Knop  ^  Sdmeder- 
mann).     Instead  of  the  above  formula,  some  chemists  adopt  half  its  value  C^H'O".! 

Decompositions.  1.  See  above.  When  heated,  mannite  does  not  swell 
Tip  below  250° ;  it  afterwards  decomposes,  and  burns  away  in  contact 
with  the  air  with  flame  and  a  smell  of  caramel,  and  leaves  a  delicate, 
soft,  and  lustreless  charcoal.  —  On  dry  distillation,  it  evolves  a  smell  of 
acrolein.  (Redtenbacher,  Ann.  Pharm.  47,  148.)  —  2.  Manna,  which, 
when  fresh  and  pure  is  unf ermentable,  becomes  when  kept,  translucent, 
sticky,  and  deliquescent  in  the  air,  and  is  then  fermentable.  (Lhermite, 
Compt.  rend.  34,  114.)  Berthelot  {N.  Ann.  Chim.  Phjs.  50,  333)  also 
found  in  manna  10  to  15  p.  c.  sugar,  which  did  not  increase  in  quantity 
by  keeping  in  a  moist,  dark  place. 

3.  A  mixture  of  mann'te  and  platinum-sponge,  in  contact  with  air' 
between  30°  and  40°,  soon  acquires  an  acid  reaction,  evolves  carbonic 
and  formic  acids,  and  co.itaiiis  mannitic  acid,  mannitose  (p.  339),  and  a 
product  allied  to  mannitan.  (Gorup-Besanez.)  At  higher  temperatures 
coloured  decomposition-products  of  mannitic  acid,  and  perhaps  also 
saccharic  acid,  are  produced ;  if  the  mixture  gets  dry,  it  may  become 
red-hot.  When  a  concentrated  aqueous  solution  of  mannite  is  dropped 
on  platinum-sponge,  heat  is  evolved,  and  white  clouds  formed,  while  an 
odour  of  of  caramel  becomes  perceptible  and  volatile  acids  are  produced. 
(Gorup-Besanez.)  The  products  first  formed  are  completely  decom- 
posed into  carbonic  acid  and  water  by  the  further  action  of  oxygen. 
(Dobereiner,  J.pr.  Chem.  28,  498 ;  29,  452.  —  See  also  Backhaus,  N.  R^'pert. 
9,  283.) 

4.  Nitric  acid  converts  mannite  into  saccharic  and  oxalic  acids, 
without  producing  mucic  acid  (Scheele,  Fourcroy  &  Vauquelin,  Buch- 
holz).  Mannite  dissolves  in  nitric  acid  without  coloration  or  evolu- 
tion of  gas ;  and  when  the  solution  is  warmed  until  reddish-yellow 
vapours  are  given  off,  a  tumultuous  evolution  of  gas  sets  in,  even  after 
removal  of  the  fire,  and  continues  for  about  half-an-hour ;  after  it  has 
ceased,  the  liquid  contains  neither  mannite  nor  saccharic  acid,  but  an 
acid  which  forms,  with  bases,  salts  similar  to,  or  identical  with,  those 
of  mannitic  acid.  A  fermentable  sugar,  probably  mannitose  (p.  339), 
is  formed  at  the  same  time  (Gorup-Besanez).  When  mannite  is  heated 
with  nitric  acid,  according  to  Liebig's  method  (See  Milk-sugar,  p.  220), 
racemic  acid  is  formed,  but  in  smaller  quantity  than  when  dulcite  is 
similarly  treated,  and  is  not  accompanied  by  a  trace  of  tartaric  or 
antitartaric  acid  (x.  365),  but  by  a  very  small  quantity  of  an  acid 
agreeing  in  its  properties  with  mucic  acid  (Carlet,  Compt.  rend.  53,  343. 
—See  also  Dulcite.)  Proust  and  Thenard  {N.  Gehl.  2,  217).  believed  they  had  obtained 
mucic  acid  from  mannite,  the  latter  to  the  extent  of  about  50  p.  c.  According  to  Back- 
haus {N.  Repert.  9,  289),  who  could  not  obtain  any  tartaric  acid  from  1  pound  of 
mannite,  the  mucic  acid  proceeds  from  the  gum  ot  the  manna,  which,  when  the  mannite 
is  incompletely  purified,  adheres  obstinately  to  it. 

5.  Mannite  distilled  with  peroxide  of  manganese  and  dilute  sidphuric 
acid,  evolves  carbonic  acid,  while  acrolein  and  formic  acid  pass  over  in 
the  distillate  (Backhaus,  N.  Repert.  9,  289).— 6.  Mannite  takes  fire  when 
triturated  with  6  pts.  2^eroxide  of  lead  (Bottger).     Heated  with  per- 
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oxide  of  lead  and  water,  it  yields  formic  acid,  gum,  and  an  acetyl-like 
substance  (Dobereiner,  J.  pr.  Chem.  28,  498) ;  only  a  little  carbonic 
acid  is  evolved,  but  on  addition  of  sulphuric  acid,*^  formic  acid  distils 
over  (Leuchtweiss).  When  mannite  is  mixed  with  bichromate  oj 
potash  and  sulphuric  acid,  carbonic  acid  and  aqueous  formic  acid  are  given 
off  (Leuchtweiss). 

7.  Distilled  with  excess  of  concentrated  hydriodic  acid(h.^.  125°), 
in  a  stream  of  carbonic  acid,  it  yields  iodide  of  hexyl. 

C^^H^Qi^  +  lim  =  C^^ff^I  +  12H0  +  P  (96grm.mann:tegave83grm. 
iodide  of  hexyl.)     (Erlenmcyer  &  Wanklyn). 

8.  On  heating  a  mixture  of  equal  atoms  of  mannite  and  hiniodide  oj 
phosphorus  to  a  little  above  the  melting  point  of  the  latter,  great  heat 
is  disengaged,  so  that,  even  with  small  quantities,  incandescence  may 
take  place,  and  vapours  of  iodine  and  of  hydriodic  acid  are  evolved,  while 
an  aqueous  and  oily  distillate  passes  over,  and  charcoal  remains.  If 
broken  glass  is  added  to  the  mixture  in  order  to  moderate  the  action, 
and  it  is  heated  by  small  quantities  at  a  time  until  the  reaction  com- 
mences, the  product  being  then  covered  with  water  and  distilled,  there 
passes  over  with  the  aqueous  vapour  a  heavy  oil,  coloured  by  free 
iodine,  and  possessing  a  burning,  sweet  taste  and  aromatic  smell. 
After  removal  of  the  free  iodine  and  water,  this  oil  begins  to  boil  at 
a  comparatively  low  temperature :  the  boiling  point,  however,  soon 
rises,  and  the  oil  passes  over  in  part  at  1 70°,  iodine  being  liberated,  and 
contains,  on  an  average,  34*74  p.  c.  C,  6*14  H.,  and  59*12  I.,  cor- 
responding nearly  to  a  mixture  of  iodides  C"H'^+^I.  [Iodide  of  hexyl, 
C12H13I  (see  decomposition  7)  contains  33*96  C,  6*13  H.  and  59-91 1.  (W.)]  Heated 
to  100°  with  oxide  of  silver,  it  is  converted,  in  a  few  hours,  into  a  non- 
iodised  oil  of  variable  boiling-point  (rhe  part  which  distils  between  75°  and 
130°,  contains  62'8  p.  c.  C,  10*7  H.,  and  2f)'5  O. ;  that  which  distils  between  150*^ 
and  200°,  contains  74-66  p.  c.  C,  13*14  H.,  and  12  20  O.— ),  which  yields,  with 
oil  of  vitriol,  a  conjugated  acid,  and  acid  products  by  oxidation  (Buttlerow, 
Chem,  Centr.  1857,  393).  Hence  Buttlerow  thinks  it  probable  that  com- 
pounds of  the  formulae  C'^H""^  and  C"H"P  are  mixed  with  the  iodised 
oil,  and  regards  the  oil  freed  from  iodine  as  a  mixture  of  ethers  con- 
taining oxygen  in  place  of  the  iodine.  More  recently  he  detected 
iodide  of  methylene,  C^H^P,  among  the  constituents  of  the  iodised  oil, 
inasmuch  as  dioxymethylene,  C^IPO*  (which  is  produced  by  the  action 
of  iodide  of  methylene  on  oxalate  of  silver)  occurs  among  the  products 
of  the  action  of  oxalate  of  silver  upon  it  (Buttlerow,  Ann.  Pharm. 
Ill,  247).  —  9.  On  heating  mannite  with  bromine  o^ndi  water  in  a  sealed 
tube,  hydrobromic  acid  is  produced,  causing  the  liquid  to  become  dark- 
brown  soon  after  the  disappearance  of  the  bromine,  and  humous  sub- 
stances to  be  formed  (Barth  &  Hlasiwetz,  Ann.  Pharm.  122,  111). 

10.  Mannite,  heated  for  several  hours  to  150°  with  syrupy  aqueous 
phosphoric  acid,  yields  a  small  quantity  of  manni-phosphoric  acid,  the 
lime-salt  of  which  may  be  obtained  as  a  jelly  by  dissolving  the  product 
in  water,  neutralising  with  chalk,  and  precipitating  the  filtrate 
with  alcohol  (Berthelot.) —  11.  By  dissolving  mannite  in  oil  of  vitriol, 
manni-bisulphuric  acid  and  manni-tersulphuric  acid  are  produced.  (See 
below.)     The  solution  does  not  blacken  even  when  heated  to  100°. — 
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12.  Mannite  dissolves,  without  evolution  of  gas,  in  fuming  nitric  acid; 
oil  of  vitriol  throws  down  from  the  solution  nitromannite  (Domonte  & 
Menard,  Strecker).  —  13.  Mannite  scarcely  absorbs  hydrochloric  acid 
gas  even  at  100°,  but  when  long  heated  to  100°  with  fuming  aqueous 
hydrochloric  acid,  in  a  sealed  tube,  it  yields  chlorh^^dro-mannitan, 
and,  by  several  days'  boiling,  mannitan  (Berthelot).  — 14.  Moist 
arsenic  acid  colours  mannite  brick-red  in  a  few  days  (Eisner,  Schiv. 
50,  348). 

Mannite  combines  with  mono-,  bi-,  and  ter-basic  acids,  with  ehmi- 
nation  of  water,  forming  the  mannitanides,  a  class  of  compounds  corre- 
sponding to  the  mono-saccharides  (p.  316),  in  which  the  properties  of 
the  acid  and  of  mannite  are  concealed,  but  which  are  capable  of  under- 
going decomposition  by  taking  up  again  part  of  the  eliminated  water, 
so  as  to  yield  the  original  acid  and  mannitan  (Berthelot). 

The  mannitanides  are  obtained  from  the  acids  and  mannite,  some- 
times by  merety  bringing  them  together  at  common  temperatures 
or  at  100°,  but  more  commonly  by  heating  them  for  a  long  time  to 
200°  or  250°  ;  never  more  than  part  of  the  acid  and  of  the  mannite 
enters  into  combination,  the  greater  portion  of  both  remaining  uncom- 
bined.  —  The  mannitanides  resemble  the  natural  fats,  and  are  decom- 
posible  by  water  at  240°,  or  by  alkahs  at  100°,  for  the  most  part, 
however,  only  with  difSculty  and  by  long-continued  action.  In  all 
such  cases  it  is  mannitan  that  separates  out,  except  that,  by  further 
fixation  of  water,  a  portion  of  it  is  converted  into  mannite.  In  this 
respect,  and  so  far  as  regards  the  quantity  of  water  separated  in  the 
formation  of  the  mannitanides,  it  is  mannitan  (and  not  mannite)  that  is 
an  analogue  of  alcohol  (Berthelot). 

A.  Mannite  and  monobasic  acids  furnish  three  distinct  classes  of 
compounds. 

a.  Formed  by  the  combination  of  1  at.  mannitan  with  2  at.  acid 
and  ehmination  of  4  at.  water. 

C12H1-O10     +      2C«H80^     =     C28H2^0"     +     4  HO. 
Mannitan.  Butyric  acid,         Bibutyro- 

mannitan. 

Berthelot  also  reckons  chlorhydro-mannitan  as  belonging  to  this 
class : 

C12H12O10   +   2HC1  =  Ci^HioCPO^   +   4H0. 

b.  From  1  at.  mannitan  and  4  at.  acid,  with  elimination  of  4  or  8 
at.  water: 

C12H12O10      +      4C8H80''     =      C44H  36018      +      8HO. 
Quadributyro- 
mannitan. 

C12H12O10       +        4C36H3604       =       C1"6H]52022       +        4^0. 

Stearic  acid.      Bistearo-mannitan. 

c.  From  1  at.  mannitan  and  6  at.  acid,  with  elimination  of  6  at. 
water. 

C12H12O10        +        6C36H3604        =        C22SH216022        +        12H0. 

Terstearo-mannitan. 

B.  The  compounds  produced  by  heating  mannite  with  bibasic  acids 
are  formed,  according  to  Berthelot,— 
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a.  From  1  at.  mannitan  and  1  at.  acid,  with  elimination  of  4  at. 
water. 

Berthelot  classes  here  kinovin  (p.  345),  from  whose  formula  he 
deducts  2  at.  water  given  off  between  160°  and  180°.  Van  Bemmelen's 
succino-mannitan  belongs  to  this  class  : 

C12H12O10     +     CSH'^O^     =     C20H14O14     +     4HO. 
Mannitan.  Succinic  Succino- 

acid.  mannitan. 

h.  From  1  at.  mannitan  and  2  o.t.  acid,  with  ehmination  of  4  at. 
water : 

C12H12O10     +     2S2H208     =     Ci2Hi"Oio,S40i'^     +     4H0. 
2  at.  sulphuric      Mannibisulphuric 
acid.  acid, 

c.  From  1  at.  mannitan  and  3  at.  acid,  with  elimination  of  4  at. 
water : 

C12H12O10     +     3S2H20«     =     Ci2H'2()io,S60i«,H202     +     4H0. 
3  at.  sulphuric  Mannitersulphuric 

acid.  acid. 

d.  From  1  at.  mannitan  and  6  at.  acid,  with  elimination  of  12  at. 
water : 

C12H12O10     +     6C8H6012     ==     C<50H36o7o     +      12H0. 
Tartaric  acid.       Mannitartaric 
acid. 

C.  By  heating  mannite  with  the  terhasic  acid,  citric  acid,  citro-  and 
bicitro-mannitan  are  formed. 

a.  From  1  at.  mannitan  and  1  at.  acid,  with  elimination  of  6  at. 
water : 

C12H12O10     +      Ci2H80i^     =     C24Hi40'8     +     6H0. 
Mannitan.  Citric  acid.     Citro-maimitan. 

h.  From  1  at.  mannitan  and  2  at.  acid,  with  elimination  of  8  at. 
water : 

CiSHWQio     +     2C12H80"     =     C36H20O30     +      8H0. 
Bicitro-mannitan. 

Proceeding  on  the  assumption  that,  in  the  formation  of  the  true  bicitro-mannitan, 
4  at.  more  water  must  be  eliminated.  Van  Bemmelen  regards  the  last  compound  as 
belonging  to  a  distinct  class.  In  this  case,  however,  bistearo -mannitan  and  various 
other  bodies  would  have  to  be  excluded  from  the  class  of  mannitanides.  [Kr.]  — 
Berthelot's  nomenclature  is  founded  on  the  assumption  that  the  atom  of  mannitan  is 
half  as  great  as  that  here  adopted,  viz.  =  C^H^O".  His  im,anmte-monobutyrique  is 
accordingly  the  same  as  the  bibutyro-mannitan  of  this  Handbook,  etc. 

In  the  following  cases,  special  phenomena  accompany  the  heating 
of  mannite  with  organic  acids. 

a.  On  heating  mannite  with  excess  of  oxalic  acid  to  110°,  the  acid 
is  decomposed  into  carbonic  and  formic  acids,  and  an  instable  com- 
pound of  formic  acid  and  mannite  is  produced.  (Knop. — See  below.)  At 
first,   and  before  the  decomposition  of  the   oxalic  acid  takes  place. 
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mannit-oxalic  acid  is  formed,  the  lime-salt  of  which  is  obtained  by 
neutrahsing  the  melted  mass  with  carbonate  of  hme  and  precipitating 
the  aqueous  solution  with  alcohol.  On  heating  more  strongly,  formic 
and  carbonic  acids  escape,  while  a  mixture  of  mannit-oxalic  acid,  man- 
nitan  and  humous  substances  remain.     (Van  Bemmelen.) 

/3.  Equal  atoms  of  mannite  and  succinic  acid  heated  to  140°  till  the 
melted  mass,  on  cooling,  no  longer  becomes  crystalHne,  but  forms  a  thick 
syrup,  yield  a  residue  which  is  still  soluble  in  water,  and  gives,  on 
addition  of  oxide  of  lead  (succinate  of  lead  separating  at  the  same  time), 
soluble  manni-succinate  of  lead, — an  easily  decomposible  compound, 
which  is  precipitated  by  alcohol  and  contains  varying  quantities  of 
lead-oxide,  the  proportion  sometimes  corresponding  to  the  formula 
fji2jji2Qw  (38jj4Q6^Pl3Q^  Thls  mauni-succinic  acid  differs  from  succino- 
mannite  (see  below)  only  by  the  quantity  of  water  contained  in  it,  and 
when  more  strongly  heated  is  converted  into  that  compound. — 
When  a  mixture  of  1  at.  mannite  with  2  at.  or  more  succinic  acid  is 
heated,  a  large  quantity  of  succinic  acid  subhmes  between  130°  and 
150°,  then  a  large  quantity  of  water  is  given  off,  and  a  hard  dry 
mass  is  formed,  from  which  succinic  acid  again  subhmes  at  160° — 170°. 
The  black  residue  imparts  an  acid  reaction  to  water,  only  after  stand- 
ing for  some  time.  It  contains  more  carbon  and  hydrogen  than  cor- 
responds to  succino-mannitan,  hence  Van  Bemmelen  regards  it  as  a 
mixture  of  this  compound  with  bisuccino-mannitan.     (Van  Bemmelen.) 

7.  A  mixture  of  mannite  and  citric  acid  in  atomic  proportions  melts 
together  at  100°,  water  of  crystallisation  being  given  off.  At  130° — 
140°  water  is  again  given  off,  and  the  mass,  which  at  first  is  perfectly 
fluid,  becomes  pasty  without  evolution  of  gas  or  coloration,  and  at  last 
hard,  dry  and  tasteless,  and  is  found  to  be  converted  into  citro-man- 
nitan.  At  170° — 180°  it  becomes  brown  and  an  oil  distils  over.  In 
this  case  also,  according  to  Van  Bemmelen,  a  compound  corresponding 
to  manni-succinic  acid  is  formed. — From  a  mixture  of  1  at.  mannite 
and  2  at.  citric  acid,  there  is  formed  at  140°,  a  neutral,  bright  yellow 
substance,  the  bicitro-mannitan  of  this  Handbook;  at  160° — 170°  it  is 
decomposed  and  yields,  without  previously  parting  with  more  water, 
the  decomposition-products  of  citric  acid.     (Van  Bemmelen.) 

16.  Heated  in  a  sealed  tube  with  aqueous  ammonia,  mannite  forms 
a  brown,  nitrogenous  product,  corresponding  to  that  furnished  by 
cane-sugar  (p.  260),  which  smells  like  horn  when  heated.  (P.  Thenard, 
Bull.  Soc.  Chim..  Paris,  1861,  42.)  — 17.  Mannite  melted  with  potash- 
hydrate  yields  the  same  product  as  cane-sugar  (p.  260).  (Gottheb. 
Ann.  Pharm.  52,  122.)  If  mannite  is  thrown  into  potash-hydrate 
melted  at  so  low  a  temperature  that  only  a  small  quantity  of  hydrogen 
is  given  off,  a  bulky  froth  is  produced,  which  does  not  at  once  solidify 
and  contains  but  little  oxalic  acid.  (Leuchtweiss.)  —  18.  By  distilling 
mannite  with  lime,  much  hydrogen  is  evolved,  and  metacetone  (ix.  409) 
and  empyreumatic  products  are  obtained.  (Favre.) — 19.  Mannite  easily 
reduces  oxide  of  silver.  (Favre.)  According  to  Eiegel,  it  reduces 
aqueous  mercury-,  silver-,  and  gold-salts,  —  20.  Aqueous  red  prussiate  of 
potash  mixed  with  ^  pt.  hydrate  of  potash  acts  but  slightly  and  slowly 
on  mannite  at  70°,  but  after  the  mannite  has  been  boiled  with  acids,  it 
decolorises  variable  quantities  of  the  mixture.  (Gentele,  Dingl.  158, 
127;  Chem.  Centr.  1861,  93.) 
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Mannite  is  not  altered  by  ebullition  witli  dilute  acids,  aqueous  alkalis, 
or  potassio-cupric  tartate. 

21.  Mannite  is  not  fermented  by  contact  with  yeast  (Pelouze  and 
others).  It  is  decomposed  by  lactous  ferment  (p.  276),  in  presence  of 
chalk,  with  evolution  of  carbonic  acid  and  water,  and  formation  of 
alcohol,  lactic  acid  and  butyric  acid  (Pasteur,  N.  Ann.  Chim.  Phys.  52, 
404).  Animal  membranes  produce  lactic  acid  from  mannite  (Fremy, 
Compt.  rend.  9,  165).  Fremy  is  also  of  opinion  that,  in  the  lactous  fermentation 
of  sugar,  this  substance  is  first  converted  into  mannite  and  then  into  lactic  acid. — 
When  a  mixture  of  mannite  with  chalk  and  cheese  (gelatin,  pancreatic 
tissue,  albumin,  or  other  nitrogenous  constituents  of  the  animal  body) 
is  left  to  itself  for  some  weeks  at  a  temperarure  of  40°,  the  nitrogenous 
substance  and  the  mannite  are  decomposed  simultaneously,  and  with 
elimination  of  carbonic  acid,  nitrogen,  hydrogen,  alcohol,  lactic  acid, 
butyric  acid,  and  acetic  acid  (Berthelot).  This  decomposition  is  inde- 
pendent of  access  of  air,  and  is  not  accompanied  by  the  appearance  of 
yeast-cells.  The  quantity  of  alcohol  obtained  amounts  to  between  13 
and  33  p.  c.  of  the  decomposed  mannite,  but  no  glycerin,  fat,  or  sugar 
is  formed  at  any  stage  of  the  decomposition.  Acetic  and  butyric 
acids  make  their  appearance  as  decomposition-products  of  lactic  acid. 
In  presence  of  carbonate  of  lime,  the  reaction  becomes  irregular,  and 
a  pecuhar  sugar  (p.  310)  is  formed,  especially  under  the  influence  of 
testicular  tissue.     (Berthelot,  N.  Ann.  Chim.  Phys.  50,  334). 

Combinations.  A.  With  Water.  —  Mannite  exposed  to  air  saturated 
with  moisture  takes  up  only  2  per  cent,  of  water.  It  dissolves  in  6 '4 
pts.  water  at  18°,  in  6*14  pts.  at  20°  (Berthelot),  in  5  to  6-6  pts.  at 
16 — 20°  (De  Luca)  in  4  pts.  at  12°  (Kircher),  in  5  pts.  of  cold,  and  in 
any  quantity  of  hot  water  (Vogel ).  Sometimes  on  shaking  up  the  mannite 
with  water,  a  larger  quantity  dissolves,  amounting  to  y%  of  the  water ;  but  the  solution 
on  standing  deposits  such  a  quantity  of  mannite  that  the  above  proportion  is  attained 
(Berthelot).  When  87'6  grm.  mannite  are  dissolved  in  348  grm.  water  at  16"5°  (that  is 
in  4  pts.)  the  temperature  falls  to  13'5°  (Pohl,  J.  pr.  Chem.  82,  155). 

B.  With  Bases.  —  Potassium-compound.  —  When  1  pt.  mannite  and 
1  pt.  potash-hydrate  are  dissolved  in  6  pts.Jwarm  alcohol  of  85  p.  c.  the 
liquid  on  cooling  separates  into  two  layers,  the  lower  of  which  must  be 
washed  with  hot  absolute  alcohol  and  dried  at  100°.  White,  easily 
friable,  strongly  alkaline,  saline  mass,  which  contains  25  p.  c.  potash, 
requires  a  higher  temperature  to  decompose  it  than  sucrate  of  potash, 
and  deposits  mannite  when  its  alkaline  solution  is  exposed  to  the 
air.  It  is  insoluble  in  absolute  alcohol,  but  dissolves  easily  in  aqueous 
alcohol  (Brendecke). 

Sodium-compound.  —  Obtained  like  the  potassium-compound,  which 
it  also  resembles.     Contains  21*6  p.  c.  soda  (Brendecke). 

Mannite  unites  with  chloride  of  sodium,  forming  colourless  crystals  containing  24*2 
p.c.  NaCl  (Riegel,  Jahrb.  pr.  Pharm.  4,  8;  Phann.  Centr.  1841,693).  Neither 
Leuchtweiss  nor  Knop  &  Schnedermann  were  able  to  obtain  this  compound;  Riegel's 
other  statements  likewise  show  that  his  mannite  contained  glucose.     (Kr.) 

Barium-compound.  —  When  the  solution  obtained  by  triturating 
together  equal  pts.  of  baryta- crystals,  water  and  mannite,  is  mixed 
with  absolute  alcohol,  a  resinous  precipitate  is  formed,  which,  after 
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washing  with  hot  alcohol,  contains  23*2  p.  c.  baryta.  It  has  a  strongly 
alkaline  taste.  When  it  is  heated  in  a  stream  of  carbonic  acid,  man- 
nite  separates  out.  It  dissolves  in  water  and  in  aqueous  alcohol  but 
not  in  absolute  alcohol  (Brendecke).  — When  mannite  is  mixed  with  an 
equivalent  quantity  of  baryta-crystals  and  3  or  4  pts.  water,  the  mix- 
ture left  to  stand  for  two  days  and  occasionally  shaken,  and  the 
filtrate  precipitated  with  alcohol,  the  flocks  which  fall  down  unite  to  a 
thick  syrup,  which  maj-  be  purified  by  repeated  solution  in  water  and  pre- 
cipitation with  alcohol.  On  heating  this  syrup  in  the  water-bath, 
there  remains  a  translucent,  very  tenacious  and  glutinous  mass,  which 
increases  to  4  or  5  times  its  original  volume  when  heated  to  100°,  and 
on  cooling  forms  a  deliquescent,  tumefied,  translucent  glass.  The 
aqueous  solution  when  left  to  itself  deposits  crystals  of  baryta,  solidi- 
fies, when  heated,  to  a  compact  mass  like  coagulated  white  of  egg,  and 
becomes  only  partially  clear  on  coohng  (Ubaldini). 

After  drying  over  oil  of  vitriol,  it  contains  ICy'i  p.  c.  water,  which  escapes  at  160°; 
in  the  anhydrous  state,  it  contains  from  37*6  to  37'9  p.  c.  baryta,  and  from  63'0  to 
62*7  p.  c.  mannite,  corresponding  to  the  formula  C''H'0'',2BaO.  So  according  to 
Ubaldini  ;  but  his  formula  just  quoted  requires  62-73  p.  c.  BaO  and  37"27  p.  c. 
mannite,  whereas  his  analytical  data  (perhaps  affected  with  press-errors)  give  37*68  and 
17-95  p.  c.  BaO,  47'00  and  61*93  mannite.  The  true  formula  of  the  compound 
appears  to  be  2Ci'''Hi^Oi^3BaO  +  12H0  (calc.  38-79  p.c.  BaO,  6121  mannite,  15-43 
water).     Kr. 

Strontium- compound.  —  Aqueous  mannite  dissolves  strontia,  the 
quantity  dissolved  at  the  boiling  heat  being  about  one-fourth  of  the 
weight  of  the  mannite.  (Riegel.)  The  strontia-salt  is  obtained  like 
the  barj^ta-compound,  which  it  resembles.  The  aqueous  solution 
becomes  but  slightly  turbid  on  boiling.  The  compound  dried  at  100° 
gives  off  from  22  to  24  p.  c.  water  at  120°,  and  then  contains  from 
20-1  to  21-0  p.  c.  strontia,  and  SO'O  to  78'5  p.  c.  mannite,  corresponding 

to  the  formula  SrOjC^^H^^O'^  (calc.  22-15  p.  c.  SrO  and  77-85  mannite)  ;   in  the 

hydrated  state,  with  8  at.  water  (calc.  23-54  p.  c).    (Ubaldini.) 

Calcium-compound.  —  Aqueous  mannite  dissolves  hydrate  of  lime, 
with  evolution  of  heat.  (Brendecke.)  If  the  solution  contains  in 
100  c.  c.  1*6  gr.  mannite  or  less,  it  takes  up  constantly  3'7  pts.  lime  to 
100  pts.  mannite  (after  deducting  the  lime  which  the  water  itself 
would  dissolve) ;  but  more  concentrated  solutions  take  up  a  larger 
quantity,  those  containing  2*4  grms.,  4*8  grms.  and  9*6  grms.  mannite 
in  100  c.  c.  taking  up  respectively  4-5,  4*7  and  6*27  pts.  lime  to  100  pts. 
mannite  (Berthelot,  iV.  Ann.  Chim.  Phys.  46,  177).  The  solution  has  an 
alkahne  taste  and  reaction,  becomes  turbid  when  heated  and  clear 
again  on  cooling  (Brendecke).  The  concentrated  solution  solidifies 
when  heated  to  85°,  and  completely  at  90°,  forming  a  compact  mass 
containing  50  p.  c.  lime,  therefore  perhaps  the  sexbasic  compound 
Qi2j-|_i4Qi2^^Q^Q^  and  becomes  quite  clear  again  when  cooled  to  50°. 
When  excluded  from  the  air,  it  deposits  a  precipitate,  and  in  contact  with  the  air, 
yields  shining  crystals,  probably  consisting  of  penta-hydrated  carbonate  of  lime.  On 
<  ddition  of  hydrochlorate  of  strontia  or  magnesia,  it  yields  precipitates,  which,  after 
washing,  are  free  from  mannite  (Ubaldini). 

a.  ^^■&as^c.— C^2jg;i4ow  2CaO.— A  mixture  of  200  pts.  mannite  and  QQ  pts. 
hydrate  of  lime  is  covered  with  600  pts.  of  water,  and  left  to  stand  for 
two  days  with  frequent  agitation,  and  the  filtrate  is  precipitated  with 
alcohol.     The  white  flocks  unite  into  a  resinous  mass,  which  is  purified 
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by  repeated  solution  and  precipitation  out  of  contact  of  air.  Dried 
over  oil  of  vitriol  between  100°   and  120°,  it  gives  off  14  p.  c.  water 

1(4  at.  =  13-13  p.  c.j.  and  at  160°,  it  turns  yellow,  without  further  loss. 
It  is  decomposed  by  carbonic  acid,  without  separation  of  mannitan. 
After  drying  at  120°,  it  contains,  on  the  average,  23*45  p.  c.  hrae  and 
76-65  p.  c.  mannite  (calc.  23-53  p.  c.  CaO,  76-47  p.  c.  mannite).     (Ubaldini.) 


I 


b.  Monobasic  compound. — C'-IP^O^^CaO.  Bimannitate  of  Lime. — When 
a  solution  of  the  bibasic  compound  is  left  to  evaporate,  crystals  of 
mannite  first  separate  out  containing  5-3  p.  c.  Hme;  and  the  mother- 
liquor,  on  standing,  deposits  a  crystalline  salt,  which,  after  drying  at 
120%  contains  on  the  average  13*22  p.  c.  CaO  and  86*15  p.  c.  mannite, 
answering  to  the  formula  C^^ff*0^~,  CaO  (calc.  13-33  p.  c.  CaO,  86-67 
mannite).      (Ubaldini.) 

Aqueous  mannite  dissolves  magnesia  and  a  small  quantity  of  moist 
hydrate  of  alumina  (Riegel).  —  A  solution  of  mannite  heated  with  potash- 
ley  behaves  with  nitrate  of  cobalt  Hke  cane-sugar  (p.  263).  (Herzog, 
N.  Br.  Arch.  50,  299.) 

Lead-compounds.  —  Aqueous  mannite  dissolves  lead-oxide,  forming 
an  alkaline  liquid  precipitable  by  ammonia.  It  is  not  precipitated 
either  by  neutral  or  by  basic  acetate  of  lead,  but  an  ammoniacal  solu- 
tion of  the  neutral  acetate  produces  a  precipitate  in  the  concentrated 
solution  of  mannite  (Berthelot).  —  The  mannite  may  be  recovered  from 
the  lead-compound  in  its  original  state. 

a.  Sexbasic.  —  The  compound  h  treated  in  the  recently  precipitated 
state  with  cold,  or  after  drying,  with  boiling  water,  is  resolved  into  an 
insoluble  basic  and  a  soluble  neutral  lead-compound  of  mannite. 


Favre. 

mean. 

12  C  

..     720     . 

..       8-81     ... 

....       8-82 

10  H  

..     10-0     . 

..       1  -22     ... 

....       1-24 

8  O  

..     640     . 

..       7-83     ... 

....       7-91 

6  PbO 

..  670-8     . 

..     82-14     ... 

....     82-03 

Ci2Hiopb40' 

22PbO   . 

..  816-8     . 

...  100-00     ... 

....  10000 

b.  Quadribasic.  —  Into  a  warm  ammoniacal  solution  of  neutral 
acetate  of  lead,  a  concentrated  aqueous  solution  of  mannite  is  poured, 
in  quantity  not  sufficient  for  complete  precipitation.  The  mixture, 
which  is  clear  at  first,  deposits,  after  standing  for  some  time,  slender 
laminge,  which  must  be  collected  out  of  contact  with  the  air  and  pressed. 
The  same  compound  is  separated  from  the  preceding  mixture  by  alcohol, 
and  may  be  obtained  pure  by  washing  with  alcohol.  —  It  does  not  give 
off  the  whole  of  its  water  in  vacuo  till  heated  to  130°,  turning  yellow  at 
the  same  time,  but  without  further  alteration.  It  is  decomposed  by 
boiling  with  water,  or  in  the  recently  precipitated  state,  even  by  wash- 
ing with  cold  water,  the  basic  compound  a  then  remaining.  The  filtrate 
yields  by  evaporation  a  crystalline  deposit  of  b,  and  if  evaporated  in  vacuo  after  the  re- 
moval of  this  deposit,  it  leaves  a  mass  which,  after  drying  at  130°,  contains  67-9  p.  c. 
lead-oxide,  together  with  carbon,  hydrogen  and  oxygen,  in  proportions  answering  to  the 
formula  C^H^O^     (Favre.) 
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Favre. 
at  130°  in  vacuo.  mean. 

12  C  720     ....     12-16     12-15 

10  H  10-0     ....       1-6-9     1-67 

8  O  64-0     ....     10-81     10-88 

4  PbO 447-2     ....     75-34     75-30 

Ci2Hiopb40i2 593-2     ....  100-00     100-00 

Knop  regards  Favre's  lead'Compounds  as  mixtures  (see  Pharm.  Centr.  1850,  50). 

Mannite  protects  fer?ic  salts  from  precipitation  by  various  reagents 
(H.  Rose).  Aqueous  mannite  does  not  dissolve  the  oxides  of  antimony, 
bismuth,  zinc,  iron  or  tin  (Riegel). 

Aqueous  mannite  does  not  dissolve  cnpric  oxide  (Riegel)  —  From  an 
aqueous  solution  of  mannite  mixed  with  cnpric  sulphate,  potash  throws 
down  a  blue  precipitate  which  dissolves  in  excess  of  the  alkali, 
without  undergoing  any  alteration  on  boiling. 

Mannite  is  nearly  insoluble  in  cold  absolute  alcohol,  and  but  sparingly 
soluble  in  the  same  hquid  when  heated  (Buchholz) ;  in  hot  aqueous 
alcohol  it  dissolves  in  such  quantity  that  the  liquid  solidifies  to  a 
crystalline  pulp  on  coohng.  It  dissolves  at  14°  in  1430  to  1660  pts. 
absolute  alcohol,  and  at  1*5°  in  84  to  90  pts.  alcohol  of  sp.  gr.  0*8985 
(Berthelot). — Insoluble  in  ether. 


Appendix  to  Mannite. 

Mannide. 

C12HW0*  or  Q^WO^K 

Berthelot  (1856).     JSf.  Ann.  Chim.  Phys.  47,  312;   Chim.  organ.  Paris 
1860,  2,  204 ;  Lieh.  Kopp.  Jahresber.  1856,  657. 

Obtained  in  one  instance  by  heating  mannite  with  butyric  acid  in  a 
sealed  tube  to  a  temperature  between  200°  and  250°.  After  decanting 
the  hquid  containing  the  butyric  acid,  there  remained  at  the  bottom  of 
the  vessel,  crystals  of  mannite,  and  a  liquid  which,  when  dissolved  in 
water,  evaporated  to  dryness,  taken  up  with  absolute  alcohol,  again 
evaporated,  washed  with  ether,  redissolved  in  alcohol,  and  evaporated 
. — yielded  mannide. 

Properties.  Thick,  scarcely  fluid  syrup,  having  a  sweet  taste,  with 
bitter  after-taste.  Neutral.  VolatiHses  sHghtly  at  100°,  more  at  140°. 
Volatilises  when  heated  on  platinum-foil,  apparently  without  decom- 
position. 


12  C 

10  H 

8  O 

at  104". 

72     .. 

10     .. 

64     .. 

.     49;3     . 
..       6-9     . 
.     43-8     . 

Berthelot. 

48-7 

7-3 

44-0 

C'miOQS    ... 

146     .. 

..  100-0     . 

100-0 
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Deliquesces  in  contact  with  the  air,  and  is  partially  converted  into 
mannite.  In  a  moderately  damp  atmosphere,  it  takes  up  40  p.  c. 
water  in  12  hours ;  in  an  atmosphere  saturated  with  moisture,  it  takes 
up  80  per  cent,  in  4  days,  part  of  the  water  evaporating  again  on  stand- 
ing, and  crystals  of  mannite  separating  out.  —  When  left  in  contact 
with  oil  of  vitriol  at  100°  for  several  hours,  it  forms  a  compound  whose 
baryta-salt  is  aniorphous  and  insoluble  in  water.  AVhen  mannide  is 
heated  to  200°  with  benzoic  acid,  a  neutral  compound  insoluble  in  ether 
is  formed,  probably  bibenzo-mannite.  —  When  mannide  is  heated  to 
100°  with  baryta-crystals,  a  small  portion  of  it  is  converted  into  mannite. 

Soluble  in  water  and  in  absolute  alcohol ;  insoluble  in  ether. 

Mannitan. 

Cizjjiaolo, 

Berthelot.  N.  Ann.  Chim.  Phys.  47,  306  ;  Lieb.  Kopp.  Jahresher.  1856, 
655;   Chim.  organ.  Paris,  1860,  2,  172. 

Formation.  1.  By  heating  mannite  to  200°.  —  2.  By  decomposing 
mannitic  ethers  with  water  at  240°,  with  acids,  alkaHs,  or  lead-oxide  at 
100°,  or  with  alcohol.  —  3.  By  heating  mannite  with  concentrated 
aqueous  or  alcohohc  hydrochloric  acid. 

Preparation.  1.  When  mannite  is  heated  for  some  minutes  to  200° 
in  an  open  capsule,  part  of  it  gives  off  water,  and  is  converted  into 
mannitan,  while  another  portion  remains  undecomposed.  The  product  is 
dissolved  in  water ;  the  solution  evaporated  till  the  undecomposed 
mannite  crystallises  ;  the  last  mother-hquor  evaporated  to  dryness  over 
the  water-bath;  and  the  residue  exhausted  with  absolute  alcohol, 
which  takes  up  the  mannitan.  To  remove  the  secondary  products 
formed  by  the  heat,  the  alcoholic  solution  is  digested  for  some  hours 
with  oxide  of  lead ;  the  filtrate  mixed  with  water  is  freed  from  dis- 
solved lead  by  sulphuretted  hydrogen,  and  evaporated  to  dryness  ;  and 
the  mannitan  is  extracted  from  the  residue  by  absolute  alcohol. — 
2.  Mannite  is  boiled  with  fuming  hydrochloric  acid  in  a  long-necked 
flask  for  60  hours  ;  the  liquid  is  evaporated  over  the  water-bath  ;  the 
residue  mixed  with  oxide  of  lead  and  digested  with  alcohol ;  and  the 
solution,  after  being  treated  with  sulphuretted  hydrogen,  and  freed 
from  sulphide  of  lead  by  filtration,  is  evaporated  to  dryness.  The 
residual  syrup  is  treated  with  absolute  alcohol :  any  mannite  that  may 
remain  mixed  with  it  is  suffered  to  crystallise  out ;  the  filtrate  is 
evaporated ;  and  the  mannitan  which  remains  is  further  purified  by 
washing  with  ether,  re-solution  in  absolute  alcohol,  and  evaporation. 
— 3.  Mannite  may  also  be  dissolved  in  a  mixture  of  alcohol  and  fuming 
hydrochloric  acid,  and  the  solution  heated  to  100°  in  a  sealed  tube  for 
60  hours,  the  Hquid  then  separating  into  two  layers,  the  upper  of 
which  consists  of  chloride  of  ethyl.  This  is  removed,  the  lower 
aqueous  stratum  evaporated  to  dryness  over  the  water-bath,  and  the 
residue  purified  as  in  (2).  —  4.  When  stearo-mann ite  is  heated  with 
water  in  a  sealed  tube  to  240°,  stearic  acid  separates,  and  an  aqueous 
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solution  of  mannitan  is  formed,  which  must  be  evaporated  to  dryness, 
and  digested  in  absolute  alcohol,  any  mannite  that  may  have  been 
formed  at  the  same  time  then  remaining  undissolved.  —  5.  In  Hke 
manner,  aceto-mannite  heated  with  baryta- water  to  100°  for  a  con- 
siderable time,  yields  acetate  of  baryta  and  mannitan,  which  latter, 
after  the  baryta  has  been  removed  by  dilute  sulphuric  acid,  may  be 
obtained  by  evaporating  the  filtrate  and  digesting  the  residue  in 
absolute  alcohol.  —  6.  Benzo-mannite  is  digested  with  alcohol  and 
fuming  hydrochloric  acid  for  8  or  10  days  at  mean  temperature  ;  the 
liquid  is  then  mixed  with  water,  filtered,  and  evaporated  over  the 
water-bath ;  the  residue  is  freed  from  benzoic  acid  and  benzoate  of 
ethyl  by  washing  with  ether,  and  from  hydrochloric  acid  by  agitation 
with  water  and  oxide  of  silver ;  the  Hquid  is  filtered  and  evaporated 
to  dryness ;  and  the  mannitan  contained  in  the  residue  is  extracted  by 
absolute  alcohol. 

Properties.  Viscid  syrup,  generally  somewhat  coloured.  Tastes 
rather  sweet.  Neutral.  Volatilises  partly  undecomposed  when  heated 
to  140°,  or  somewhat  higher. 

Berthelot. 
at  120°.  mean. 

12  C 72     ....     43-90     4380 

12  H 12     ....       7-31     7-25 

10  0 80     ....     48-79     48-95 

QnYii2Q\o  164     _    100-00     lOO-QO 

Decompositions.  1.  When  heated^  it  smells  like  caramel,  burns  with 
dark-red  flame  in  contact  with  the  air,  and  leaves  a  small  quantity  of 
easily  combustible  charcoal. — 2.  In  moist  air  it  takes  up  i^a^er,  defi- 
quesces,  and  is  partly  converted  into  mannite — 3.  Mannitan  is  likewise 
converted  into  mannite  when  its  solution  in  alcoholic  hydrochloric  acid  is 
left  at  rest,  or  when  its  aqueous  solution  is  boiled  with  haryta-crystals 
or  oxide  of  lead.  —  4.  Heated  with  hiniodide  of  phosphorus,  it  carbonises 
for  the  most  part,  giving  off  a  small  quantity  of  inflammable  gas 
insoluble  in  oil  of  vitriol,  together  with  volatile  oil.  — 5.  With  oil  of 
vitriol  at  100°,  it  forms  a  compound  whose  baryta-salt  is  soluble  in 
water,  and  chars  at  120°,  giving  off  sulphuric  acid.  —  6.  Heated  to 
250°,  with  benzoic  or  stearic  acid,  it  forms  benzo-  or  stearo-mannite 
(Berthelot ;  p.  362).  — 7.  Mannitan  reduces  potassio-cupric  tartrate  at  the 
boiling  heat,  especially  in  concentrated  solution.  (Backhaus,  N.  Repert. 
9,  289.) 

Dissolves  readily  in  water  and  in  absolute  alcohol,  but  is  insoluble 
in  ether.  (Berthelot.) 
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Conjugated  Compounds  of  Mannite. 

Mannito-bisulphuric  Acid. 

Favre.     N.  Ann.  Chim.  Phys.  11,  77. 

Mannitdisulfosaure.  Acide  mannimonosulfurique  (^Qv^ikeloi).  —  Known  only  in 
combination  with  water  and  with  bases  (pp.  363). 

Mannite  is  dissolved  in  oil  of  vitriol ;  the  solution  is  mixed  with  a 
large  quantity  of  water,  neutrahsed  with  chalk,  and  filtered ;  the 
remainder  of  the  sulphuric  acid  is  removed  by  acetate  of  baryta  ;  and 
the  Hquid  precipitated  with  basic  acetate  of  lead.  The  latter  precipi- 
tate, decomposed  under  water  by  sulphuretted  hydrogen,  after  com- 
plete washing  with  boiling  water,  yields  an  aqueous  s.olution  of  man- 
nito-bisulphuric acid,  which  decomposes  at  the  boiling  heat,  and  then 
only  forms  precipitates  with  baryta-  and  lime-salts. 

The  lime-salt  of  this  acid  is  precipitated  from  its  aqueous  solution 
by  alcohol  and  decomposes  when  boiled  for  some  time,  depositing 
sulphate  of  hme. 

Lead-salts.  —  a.  With  12  at.  lead-oxide.  —  On  mixing  the  solution 
of  the  lime-salt  (prepared  as  above)  with  an  equal  quantity  of  alcohol 
and  precipitating  with  alcoholic  sugar  of  lead,  after  filtering  off  the 
sulphate  of  lime,  a  small  quantity  of  a  lead-salt  is  obtained,  correspond- 
ing in  composition  to  the  formula  C^2jg[iop]34ow  4S03,8PbO,  —  or 
C«I-PPbO^S'0^5PbO  according  to  Berthelot  {N.  Ann.  Chim.  Phys. 
47,  336). 

b.  With  8  at.  lead-oxide.  —  Preparation  as  above.  White  precipitate 
which  turns  slightly  brown  at  130°  in  vacuo,  dissolves  in  dilute  acids 
and  precipitates  sulphate  of  lead  when  its  solution  in  nitric  acid  is  boiled 
for  some  time.     Insoluble  in  water. 

Favre. 


at  130°. 

12  C 72-0  ....  6-00  6-03 

10  H    10-0  ....  0-83  0  82 

8  O    64-0  ....  5-33  5-14 

4  S03    160-0  ....  13-33  13-37 

8  PbO 894-4  ....  74-51  7464 

Ci2Hiopb40i2,4S03,4PbO    1200-4  ....  lOO'OO  10000 


Mannito-tersulphuric  Acid. 

W.  Knop  &  ScHNEDERMANN.     Ami,  Pharm.  51,  132. 

Mannit-trisulfosdure,  Mannitschwefelsdure ;  Acide  mannisesquimlfurique.     (Ber- 
thelot.)    See  page  363. 
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Appears  to  be  produced  under  the  same  circumstances  as  mannito-bisulphuric  acid 
(p  371),  and  known,  like  that  compound,  only  in  combination  with  water  and  with 
bases.  Discovered  by  Kuop  &  Schnedermann.  More  recently  {Pharm.  Centr.  1849, 
803,  and  1850,  51),  the  former  expresses  a  doubt  as  to  whether  the  substances  exammed 
by  themselves  and  by  Favre  were  of  definite  chemical  constitution. 

The  lead-salt  is  obtained  in  aqueous  solution  by  dissolving  man- 
nite  in  oil  of  vitriol,  diluting  with  water,  digesting  with  carbonate  of 
lead,  and  filtering  from  sulphate  of  lead ;  and  this  solution,  decomposed 
by  hydrosulphuric  acid,  yields  aqueous  mannito-ter sulphuric  acid,  as  a 
colourless  strongly  acid  hquid,  which  is  resolved  by  evaporation  into 
mannite  and  sulphuric  acid. 

The  mannito-tersulphates  are  easily  decomposible,  and  are  all  soluble  m 
water.  Knop  &  Schnedermann  gave  the  formula  C8H7M208,4S03 ;  Gerhardt  {Compt. 
chim.  1 ,  20)  and  Strecker,  that  which  is  here  adopted. 

Potash-salt.  — Ohtsimed  as  a  yellow  syrup  by  precipitating  the 
aqueous  lead-  or  baryta-salt  with  sulphate  of  potash,  and  evaporating 
the  filtrate  at  a  gentle  heat.  This  syrup  dries  up  between  50°  and  60° 
to  a  translucent  dehque scent  gum,  which  is  insoluble  in  alcohol  and 
contains  a  small  quantity  of  sulphate. 

Knop  &  Schnedermann. 

12  C    720     ....     13-42     14-13 

11  H  110     ....       2-05     2-40 

6  S    9o-0     ....     17-89     17-45 

27  O  216-0     ....     40-25     40-04 

3  KO    141-6     ....     26-39     25-98 

Ci2H"K30i2,6S03  536-6     ....  100-00     100-00 

Soda-salt.  —  Obtained  like  the  potash-salt,  which  it  also  resembles. 

Knop  &  Schnedermann. 

12  C  72     14-75     14-48 

11  H 11     2-25     2-47 

6  S  96     19-67 

27  0 216     44-27 

3  NaO 93     19*06     18-84 

Ci2HiiNa30i2,6S03    488     100-00 

Baryta-salt.  —  A  solution  of  mannite  in  oil  of  vitriol  is  mixed  with 
water,  and  the  solution  is  neutralised  with  carbonate  of  baryta  and 
evaporated,  during  which  process  small  quantities  of  sulphate  of  baryta 
are  continually  deposited.  The  solution,  concentrated  till  it  forms  a 
saUne  crust,  deposits,  on  cooling,  white  crystalline  grains,  and  if  some- 
what more  concentrated,  solidifies  to  a  jelly,  which  dries  up  to  a  white 
fissured  mass.  Alcohol  precipitates  it  from  the  aqueous  solution  as  a 
white,   indistinctly  granulo-crystalline  powder.      The  salt  is   easily 

decomposed  by  heat.  —  More  recently  Knop  makes  the  following  statements  :  — 
The  baryta-salt,  prepared  as  above,  by  evaporating  the  solution  and  drying  at  65°,  gave 
45-5  p.  c.  BaO,S03;  the  same  solution,  precipitated  with  absolute  alcohol,  yielded  a 
salt  which  gave  49-7  p.  c.  BaO,S03,  14*56  C.  and  2-4  N.  The  solution  remaining 
after  this  precipitation,  left,  on  evaporation  to  dryness,  a  salt  which  gave  258  p.  c. 
BaO,S03.  Hence,  Knop  regards  it  as  probable  that  the  salts  examined  by  himself  and 
Schnedermann  were  mixtures  {Pharm.  Centr.  1849,  802). 


CHLORHYDRO-MANNITAN.  373 

Knop  &  Schnedermann. 

12  C   72-0     ....     11-53     11-19 

11  H  11-0     ....       1-76     2-03 

6  S    96-0     ....     15-37     15-32 

27  O  216-0     ....     34-59     35-11 

3  BaO  229-5     ....     36-75     36-35 


Ci2H"Ba30  2,6S03....  624-5     ....  lOO'OO     lOO'OO 

37-97  p.c.  BaO  corresponds  to  57*82  p.  c.  BaO,S03. 

Lead-salt.  —  (Preparation  p.  372.)    The  aqueous  solution  deposits  sul- 
phate of  lead  when  evaporated  at  a  gentle  heat,  and  leaves  a  turpen- 
^tine-like  mass  which  decomposes  on  further  exposure  to  heat.     Pre- 
ipitated  by  alcohol  from  the  concentrated  solution  in  oil-drops,  which 
ry  up,  in  vacuo,  to  a  yellow  amorphous   dehquescent    mass,  and 
leave  a  small  quantity  of  sulphate  of  lead  when  dissolved  in  water. 

Knop  &  Schnedermann. 

12  C  72-0     ....       9-87     9-48 

11  H  ll'O     ....       1-41 

6  S   96-0     ....     13-26 

27  O  216-0     ....     29-62 

3  PbO 334-2     ....     45-84     44-38 

Ci2H"Pb30«2,6S03....  729-2     ....  lOO'OO  " 


Chlorhydro-mannitan. 

C'^CPH^^O^  =  Ci2H«0^2HCl. 

Berthelot.     N.  Ann.  Chim.  Phys.  47,  334 ;  Chim,  organ.  2,  197 ;  Lieb, 
Kopp.  Jahresber.  1856,  661. 

Mannite  chlorhydrique  or  monochlorhydrique  ;  Chlormannitanafer  (p.  362). 

Mannite  is  heated  to  100°  in  a  closed  tube  with  10  to  15  pts. 
fuming  hydrochloric  acid ;  the  hquid  is  neutralised  with  carbonate  of 
potash,  shaken  up  with  ether,  and  evaporated ;  the  syrup  is  left  at 
rest  for  some  months  in  vacuo  ;  and  the  crystals  which  separate  are 
purified  by  reciystallisation  from  ether.     There  remains  a  mother-liquor, 

perhaps  consisting  of  similar  compounds. 

White,  microscopic  crystals  resembhng  mannite,  with  a  bitter  aro- 
matic taste  and  aromatic  odour,  which  is  emitted  when  they  are  heated. 
Neutral.  Melts  when  heated,  and  solidifies  in  a  crystalline  mass  on 
cooling.  Volatilises  without  decomposition  when  heated  on  platinum- 
foil. 

Berthelot 

12  C 72     ....     35-82    359 

2  CI   71     ....     35-32 

10  H    10     ....       4-97     5-6 

6  O    48     ....     23-89 

C12C12HW06 201     ....  100-00 

The  vapour,  when  set  on  fire,  bums  with  a  green-edged  flame,  and 
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forms  hydrochloric  acid.  —  Decomposed  by  lime  into  mannitan  and 
hydrochlorate  of  lime.  Not  precipitated  by  nitrate  of  silver  from  the 
alcohohc  solution. 

Soluble  in  alcohol  and  in  ether. 


Compound  of  Formic  Acid  with  Mannite. 

W.  Knop.     J.  pr.  Chem.  48,  362  ;  abstr.  Ann.  Pharm.  74,  347 ;  Pharm. 
Centr.  1849,  303. 

Formite.     Ameisensdure-Mannit  (see  page  363). 

Formed  by  heating  mannite  with  excess  of  oxalic  acid,  which  is 
thereby  resolved  into  formic  and  carbonic  acids.  The  mixture  is  heated 
for  five  hours  to  110°,  then  for  a  few  hours  to  96°,  to  expel  excess  of 
formic  acid  and  carbonic  acid,  after  which  there  remains  a  colourless 
syrup  which  is  liquid  while  hot,  and  solidifies  on  cooling.  From 
this  product,  the  last  traces  of  formic  acid  may  be  removed  by 
ether. 

When  left  for  some  time  over  oil  of  vitriol,  it  becomes  turbid  and 
acquires  an  odour.  In  contact  with  hases,  it  is  quickly  resolved  into  1  at. 
mannite  and  2  at.  formate,  and  is  therefore,  perhaps,  C^^H^^0^2C''H^0* 
(Knop).  Later  (Chemische  Methoden,  Leipzig,  1859,  281),  Knop  gives  the  for- 
mula C^^H^^O^'^jC^H^O'*,  which  does  not  agree  with  his  earlier  analysis.  He  regards  it 
as  doubtful  whether  this  compound  belongs  to  the  ethers  of  the  third  class  {E^ter,  vii, 
215),  inasmuch  as  it  is  much  less  stable  than  Berthelot's  mannitic  ethers. 


Ethylo-mannitan. 

C^H»<^Oi<>  =  C"Hi°08,2C*H»0. 

Berthelot.     N.  Ann.  Chim.  Phys.  47,  341 ;  Chim.  organ.  2,  203 ;  Lieh. 
Kopp.  Jahresher.  1856,  663. 

Mannitanvinafer. 

A  mixtm-e  of  mannite,  potash-hydrate,  a  small  quantity  of  water, 
and  bromide  of  ethyl,  is  heated  to  100°  in  a  sealed  tube  for  30  or  40 
hours,  then  shaken  up  with  ether  and  the  extract  evaporated. 

Colourless,  bitter  syrup,  which  volatihses  without  decomposition 
when  heated  on  platinum-foil. 

Berthelot. 

20  C  120     ....     54-54     54-3 

20  H    20     ....       9-09     97 

10  O    80     ....     36-37     36-0 


I 


C20H20O10....  220     ....  100-00     lOO-Q 

Carbonises  when  heated  in  a  tube.  —  Decomposed  by  a  mixture  of 
oil  of  vitriol  Ssiid  butyric  acid,  with  formation  of  butyrate  of  ethyl. 
Nearly  insoluble  in  water,  easily  soluble  in  alcohol  and  ether. 
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Aceto-mannitan. 

Csojjisou  _  ci2Hi'>0»,2C*H30'. 

Berthelot.     N.  Ann.  Chim.  Phys.  47,  315 ;  Chim.  organ.  2,  185 ;  Lieh. 
Kopp.  Jahresher.  1856,  657. 

Mannite  acetique  or  monoacetique.  —  Biessigsdure  -  Mannitandther,  Essigman- 
nitanester. 

Formation.     By  heating  mannite  with  glacial  acetic  acid  to  200° — 

220   .      In  contact  with  oil  of  vitriol  and  acetic  acid,  at  mean  temperatures,  or  with 
glacial  acetic  acid  at  100°  C,  mannite  forms  only  traces  of  this  compound. 

Preparation.  A  mixture  of  glacial  acetic  acid  and  mannite  is  heated 
to  200° — 220°  for  50  or  60  hours ;  and  the  product  is  mixed  with 
aqueous  soda-solution,  neutraUsed  completely  by  adding  a  small  quan- 
tity of  sohd  potash,  and  shaken  up  with  ether  as  long  as  that  liquid 
takes  up  any  of  the  compound.  The  ethereal  extracts  are  decolorised 
with  animal  charcoal  and  evaporated  in  vacuo  at  a  gentle  heat. 

Properties.  Neutral  syrup,  having  a  very  bitter  taste.  Inodorous 
in  the  cold,  but  gives  off  a  pecuHar  odour  when  gently  heated.  When 
heated  on  platinum-foil  it  volatilises  almost  without  decomposition.  — 
Decomposed  with  baryta-water,  it  yields  46'4  p.  c.  acetic  acid  (^calc.  48*4  p.  c.  C^H"*©^), 
and  74-4  p.  c.  mannite,  together  with  mannitan  (calc.  737  p.  c.  mannite). 


fc 


Berthelot. 

20  C     

120     . 

...     48-39     . 

48-7 

16  H    

16     . 

..       6-45     . 

6-7 

14  O    

.....  112     . 

...     45-16     . 

44-6 

C20H1CO14 

248     . 

..  lOO'OO     . 

100-0 

I 


Decompositions.  1.  Heated  m  a  tube,  it  decomposes  and  gives  off  an 
odour  of  caramel.  —  2.  It  undergoes  but  very  slight  alteration  when 
kept  for  many  months  in  contact  with  water  containing  alcohol.  — 
3.  Alcoholic  hydrochloric  acid  decomposes  it  in  a  few  days,  into  mannitan 
and  acetic  acid;  but  by  longer-continued  action,  mannite  is  Hke- 
wise  formed. — 4.  Baryta-water  acts  slowly  at  100°,  decomposing  it 
completely  in  50  hours,  into  mannitan  and  acetate  of  baryta. 

In  water  it  dissolves  without  decomposition,  even  at  the  boiling 
heat.     Soluble  in  alcohol  and  in  ether ,  but  not  in  sulphide  of  carbon. 


Bibutyro-mannitan. 

C28H24Q14  ^  c«Hi°08,2C«H'0«. 

Berthelot.     N.  Ann.  Chim.  Phys.  47,  319  j  Chim.  organ.  2,  188 ;  Lieh. 
Kopp.  Jahresher.  1856,  658. 

Mannite  monohutyrique  (Berthelot).     Bibuttersdure-mannitanester. 
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Obtained,  in  larger  quantity  than  aceto-mannite,  by  heating  man- 
nite  with  butyric  acid  to  200°  for  ten  hours,  and  purified  in  the  same 
manner  as  aceto-mannite. 

Semifluid,  tenacious  mass,  iLtermixed  with  nicroscopic  needles, 
mobile  and  having  a  faint  odour  when  hot.  Neutral  Tastes  very 
bitter.  When  heated  on  platinum-foil,  it  volatilises  in  thick  vapours 
and  almost  without  decomposition.  Decomposed  by  baryta-water,  it  yields  60*4 
p.  c.  butyric  acid  and  52-2  p.  c.  mannitan  (calc.  57-9  p.  c.  C^OSO^  and  54-0  C^2hi201o.) 

Berthelot. 


28  C 

24  H 

14  O 

....  168     . 
....     24     . 
....  112 

..     55-26     ... 
...       7-89     ... 
...     36-85     . . 

....     54-85 

7-85 

.....     37-30 

C28H24014   .... 

....  304     . 

..  100  00     ... 

....  100-00 

Decompositions.  1.  When  the  compound  is  rapidly  heated,  a  small 
portion  of  it  chars,  burns  with  a  white  luminous  flame,  and  an  odour 
like  that  emitted  by  tartaric  acid  under  similar  circumstances.  —  2.  By 
contact  for  some  months  with  water  containing  alcohol,  or  by  boiling 
for  several  hours,  a  small  portion  of  the  acid  is  set  free.  Complete 
decomposition  into  butyric  acid  and  mannitan  is  effected  by  heating  it 
with  water  to  240°. — 3.  Alcoholic  hydi^ochloric  acid,  even  in  the  cold, 
forms  mannitan  and  butyric  ether.  —  4.  The  compound  is  likewise 
decomposed  into  mannitan  and  a  butyrate  by  heating  with  haryta-water 
or  lead-oxide.  —  By  excess  of  butyric  acid  at  200° — 250°,  it  is  converted 
into  quadributjrro-mannitan. 

Insoluble  in  water,  shghtly  soluble  in  sulphide  of  carhon,  easily  in 
alcohol  and  ether. 


Quadributyro-mannitan. 

C44H36018  =  Ci2H«0«  4C«H'0'. 


Berthelot,  loc.  cit. 


Mannite  dibutyrique.     Quadributtersaure-mannitanester  (p.  362). 

Obtained  by  heating  bibutyro-mannitan  with  excess  of  butyric  acid 
to  200° — 250°,  and  purified  hke  aceto-mannite. — When  a  mixture  of  equal 
pts.  mannite,  butyric  acid  and  oil  of  vitriol  is  left  to  itself  for  a  week,  then  diluted  with 
water,  neutralised  with  carbonate  of  potash,  acd  shaken  up  with  ether,  the  ether  takes 
up  an  oil  which  contains  58*3  carbon  and  78  hydrogen,  but  yields  on  decomposition  a 
small  quantity  of  sulphuric  acid  as  well  as  butyric  acid  and  mannitan. 

Colourless,  bitter,  neutral  oil,  which  volatiUses  without  residue 
when  heated  on  platinum  foil. 


In 

vacuo. 

Berthelot. 

44  C    

264     .. 

..     59-47     . 

59-8 

36  H    

36     .. 

..       8-11     . 

8-2 

18  O    

144     .. 

..     32-42     . 

...  .     32-0 

C44H3r.ois 

444     .. 

.  100-00     . 

1000 

Soluble  in  alcohol  and  precipitated  by  water. 
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Succino-mannitan. 

Van  Bemjielen.     ScheiJcund.    Verhandelingen   en    Onderzoek.  13;  abstr. 
Kopp's  Jahresher.  1858,  434. 

Bemsteimaure-mannitanester  (p.  363). 

Mannite  and  succinic  acid  in  equal  numbers  of  atoms  are  heated 
together  in  the  oil-bath  to  170°,  whereupon  the  mixture  gives  off 
water  and  melts  to  a  yellow  Hquid,  and  then  sohdifies  to  a  hard,  dark- 
grey  mass,  which  is  to  be  triturated  and  well  boiled  with  alcohol. 
Tasteless.     Neutral. 


van  Bemmelen. 

«n 

70°— 180°. 

mean. 

20  C 

120     ....     48-78 

48-90 

14  H 



14     ....       5-68 

5-53 

14  0 

112     ....     45-54 

45-57 

C20H14O" 

246     ....  100-00 

100-00 

Decomposed  by  prolonged  boiling  with  water.  —  Dissolves  in  oil  of 
vitriol  and  in  warm  nitric  acid,  succinic  acid  being  set  free,  and  mannite 
entering  into  combination  with  the  mineral  acid.  —  Decomposed  by 
boihng  with  lead-oxide,  with  separation  of  succinate  of  lead,  part  of 
the  lead,  however,  remaining  in  solution  as  mannito-succinate. 

Insoluble  in  water,  alcohol,  and  ether. 


Mannitartaric  Acid. 

Berthelot.     N,  Ann.  Chim.  Phys.  47,  330 ;  Chim.  organ.  2,  200  ;  Lieb. 
Kopp.  Jahresher.  1856,  660. 

Acide  manriitartrique  or  mannitritartrique,  Mannitartersdure.  —  Known  only  in 
combination  (p.  3G3). 

When  a  mixture  of  equal  pts.  mannite  and  tartaric  acid  is  heated 
for  five  hours  to  100°  —  120°  in  a  open  vessel,  a  glutinous  very  acid 
mass  is  produced,  which  is  a  mixture  of  mannitartaric  acid,  tartaric 
acid  and  mannite.  This  mixture  is  triturated  with  carbonate  of  hme 
and  a  small  quantity  of  water  till  it  becomes  neutral,  then  filtered  and 
precipitated  with  alcohol.  The  precipitated  mannitartrate  of  lime 
purified  by  repeated  solution  in  water  and  precipitation  with  alcohol,  and 
decomposed  in  aqueous  solution  with  an  equivalent  quantity  of  oxalic 
acid,  yields  aqueous  mannitartaric  acid,  which  is  gradually  resolved 
into  mannite  and  tartaric  acid. 

Mannitartaric  acid  is  terbasic.  (Berthelot)  If  1  at.  of  the  acid  be  supposed 
to  contain  1  at.  mannite  (C^^),  the  acid  must  be  regarded  as  sexbasic,  and  represented  by 
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the  formula  C«)H3607o  (Kr.)  Its  salts  heated  with  hydrate  of  lime  to  100° 
for  fifty  or  sixty  hours,  are  resolved  into  mannite,  mannitan,  and 
tartaric  acid. 

Mannitartrate  of  Lime.  — Terhasic.^  White,  loosely  coherent,  amor- 
phous powder,  which  dissolves  easily  in  water  when  recently 'precipitated, 
but  with  difficulty  after  drying,  and  is  precipitated  by  alcohol.  After 
drying  in  vacuo,  it  retains  6  at.  water,  4  at.  of  which,  amounting  to 
6-0  p.  c.  (calc.  6-1  p.  c.  HO)  go  off  at  140°* 

In  vacuo,  Berthelot. 

30  C    180     ....  30-56  30-1 

21  H    21     ....  3-57  3-9 

38  O    304     ....  51-61  52-4 

3  CaO    84     ....  14-26  136 

C30Ca3Hi5O^6HO 589     ....  100-00     lOO'O 

Mannitartrate  of  Magnesia.  —  Obtained  like  the  lime-salt,  magnesia 
alba  being  used  instead  of  carbonate  of  lime.  On  mixing  the  aqueous 
solution  with  alcohol,  the  salt  is  precipitated  as  a  soft,  semi-fluid  mass. 
It  is  more  soluble  than  the  lime-salt  in  aqueous  alcohol.  The  salt, 
after  diying  in  vacuo,  gives  off  31*2  p.  c.  water,  corresponding  to 
30  at.  (calc.  31*36  p.  c.)  at  140°. 


30  C    

In 

vacuo. 
180     .. 
45     .. 
496     .. 
140     .. 

..     20-91     . 
..       5-23     ., 
..     57-60     .. 
..     16-26     ., 

Berthelot, 
20-7 

45  H    

62  O    

7  MgO  

5-1 

57-5 

16-7 

C30Mg3Hi5O35,4Mg( 

0,30aq 

861     .. 

..  100-00     ., 

lOO'O 

Citro-mannitan. 

C24214018  -  C^^Hioo^jC^^H^w 

Van  Bemmelen.  Scheikund.  Verhandlingen  en  Onderzoehingen,  2  Deel, 
1  Stuck,  Rotterdam,  1858.  Onderz.  17;  abstr.  Kopp's  Jahresher, 
1858,  431. 

Citromannitanester  (p.  363). 

A  mixture  of  citric  acid  and  mannite  in  equal  numbers  of  atoms 
is  heated  to  130°  —  140°,  till  the  mass  becomes  dry,  friable  and  taste- 


Light-yellow,  very  hygroscopic  mass,  which  decomposes  like  succino- 
mannitan  when  boiled  with  water,  alcohol  or  alkalis,  or  when  oil  of 
vitriol  or  nitric  acid  is  poured  upon  it.  —  Insoluble  in  water,  alcohol,  and 
ether. 

van  Bemmelen. 
at  152".  mean. 

24  C  144     ....     47-68     47-12 

14  H 14     ....       4-63     4-83 

18  O 144  ....  47-69  48-05 

C24Hi*0«  302  ....  100-00  100-00 
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Bicitro-mannitan. 

CMJJ20Q30   _    C^2JJ12Q10^2C^2JJ4Q10^ 

Van  Beioielen,  loc.  cit. 

See  pp.362,  263.  — 1  at.  mannite  is  heated  to  140°  with  2  at.  citric  acid, 
till  the  mass  has  become  hard,  dry  and  tasteless. — Light  yellow, 
neutral  mass,  decomposed  by  boiMng  for  some  time  with  water  or  haryta- 
water. 


36  C  

.. .  216 

...     45-38 
..       4-20 
..     50-42 

van  Bemmelep. 
mean. 
45*46 

20  H 

30  0 

....     20     . 
....  240     . 

4-46 

50-08 

C36H20O30    ... 

....  476     . 

...  lOO'OO 

100-00 

I 


Bibenzo-mannitan. 

Berthelot.     N.  Ann.  Chim.  Phys.  47,  327;  Chim.  organ  2,   193;  Lieb. 
Kopp.  Jahresher.  1856,  660. 

Mannite  benzoique  or  monobenzozque.     Bibenzoemannitanesfer  (p.  362). 

Obtained  by  heating  mannite  with  benzoic  acid  to  200°  for  ten  hours, 
and  purified  like  aceto-mannite  (p.  375),  till  it  reacts  neutral. 

Tough,  semi-sohd  resin  which  may  be  drawn  out  into  threads. 
Neutral,  tasteless  at  first,  afterwards  bitter  and  aromatic. 


40  C    

at  120°. 
240     . 

..     64-52     . 
..       5-37     . 
..     30-11     .. 

Berthelot. 
64-1 

20  H    

14  0    

20     . 

112     . 

5-8 

301 

C40H20OH 

372     =. 

..  100-00     .. 

100-0 

When  heated  on  platinum-foil,  it  smells  like  roasted  apples,  chars, 
and  burns  away  without  residue.  Heated  in  a  test-tube,  it  yields 
needles  of  benzoic  acid.  —  When  left  for  several  months  in  contact 
with  water  containing  alcohol,  it  turns  sour  and  gives  off  the  odour  of 
benzoic  ether.  —  By  alcoholic  hydrochloric  acid,  baryta-water,  and  lead- 
oxide,  it  is  decomposed  less  easily  than  bibutyro-mannitan.  —  By  a 
larger  excess  of  benzoic  acid  between  200°  and  250°,  it  is  slowly  con- 
verted into  hexabenzo-mannitan. 

Insoluble  in  water,  nearly  insoluble  in  sidphide  of  carbon,  easily 
soluble  in  alcohol  and  in  ether. 
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Hexabenzo-mannitan. 

(J96JJ3  022   _    C^2H60S6C^*H^0^ 

Berthelot,  loc.  cit. 

Mannite  tribenzoique :  Hexahenzoemannitanester.  —  Blbenzo-mannitail  is 
heated  to  200°— 250°  in  a  sealed  tube  for  20  hours,  with  a  large 
excess  of  benzoic  acid ;  the  neutral  compound  thus  formed  is  extracted 
from  the  product,  and  treated  in  like  manner  with  benzoic  acid  a  second 
time ;  and  the  product  is  purified  like  aceto-mannite. 

Solid,  neutral  resin,  which  is  decomposed  by  heating  with  hydrate 
of  lime,  and  contains  73*4  carbon,  5-2  hydrogen  and  21*4  oxygen,  corres- 
ponding to  the  formula  C^H^^^O^*  (calc.  73-1  p.  c.  C,  4-6  H.  and  22-3  0.) 

Nitro-mannite. 

Fl.  Domonte  &  Menard.  Compt.  rend.  24,  89  and  391 ;  N.  J.  Pharm. 

12,  159  ;  Pharm.  Centr.  1847,  892. 
SoBRERO.     Compt.  rend.  25,  121  ;  Ann.  Pharm.  64,   397 ;  Dingl.   105, 

378. 
A.  Strecker.     Ann.  Pharm.  73,  59. 
A.  Knop.  Pharm.  Centr.   1849,  806  ;  1850,  49  ;    J.  pr.  Chem.  48,  369; 

49,  228;  Ann.  Pharm.  74,  347. 
A.  &  W.  Knop.      Pharm.  Centr.   1852,  129  ;  in  detail :  J.  pr.  Chem. 

56,  337. 

Mannite  quintinitrique  (Domonte  &  M§nard),  trinitrique  (Berthelot). 

Preparation.  1  pt.  of  pulverised  mannite  is  triturated  with  a  small 
quantity  of  nitric  acid  of  sp.  gr.  1-5  till  it  dissolves  ;  a  small  quantity 
of  oil  of  vitriol  is  added,  then  nitric  acid  and  oil  of  vitriol  alternately  till 
4^  pts.  nitric  acid  and  lOj  pts.  oil  of  vitriol  have  been  consumed.  The 
pasty  mass  is  mixed  with  a  large  quantity  of  water;  and  the  separated 
nitromannite  is  collected,  and  purified  by  recrystallisation  from  alcohol. 

(Strecker,  Knop.)  In  the  mother-liquid  there  remains  a  small  quantity  of  a  much 
more  fusible  product,  which  may  be  extracted  by  ether  after  neutralisation  with  carbonate 
of  potash.     (Berthelot.) 

Properties.  White,  silky  needles,  melting  between  68°  and  72° 
(Bechamp,  Compt.  rend.  51,  258). 

Domonte  Svanberg 

&  Menard.  &  Staaf.  Strecker. 

12  C  72     ....     15-93     ....     17-20     19-40      1607 

6  N  84     ....     18-58     ....     17*25     18-20 

8  H  8     ....       1-77     ....       1-85     2-15     194 

36  O  288  ....  63-72  ....  63-70  63-79 

C12X6H8012 ,.,.  452  ....  100  00  ....  100-00  100-00 


I 
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Earlier  formulse,  the  incorrectness  of  which  has  been  shown  by  Strecker  ( — for  the  sake 
of  uniformity,  the  nitrogen  is  given  in  all  cases  as  hyponitricacid — )  :  C^^jirxso^^^Do^Q^^g 
&  Menard)  ;  C^^U^X^O^^  (Svanberg  &  Staaf,  Berz.  Jahresber.  1849,  360) ;  C^^HOxsQia 
(Stenhouse,  Ann.  Pharm.  70,  218).  Svanberg  &  Staafs  analyses  led  Berthelot  (Chim. 
organ.  2,  195)  to  regard  the  product  examined  by  them  as  Mannite  dinitrique  C^H^'X^O' 
(  =  C^2H8X'*O'0),  for  which,  ho\»'ever,  according  to  Strecker's  investigation,  there  is  no 
real  ground,  even  if  (as  in  the  case  of  dulcite)  later  experiments  should  reveal  the  exist- 
ence of  two  nitro-compounds.  (Kr.)  —  According  to  Knop  and  others,  nitro-mannite 
contains  nitric  acid  as  a  proximate  constituent,  a  view  of  its  constitution  resting  on 
arguments  similar  to  those  adduced  in  the  case  of  pyroxylin  (p.  174). 

Decompositions.  1.  Nitro-mannite,  when  kept  for  some  years,  under- 
goes a  spontaneous  decomposition  attended  with  evolution  of  red  vapours 
and  of  nitric  acid  (Strecker).  See  the  corresponding  decomposition  of  nitro- 
dulcite.  —  2.  When  heated  to  90°,  it  regularly  gives  off  red  vapours  and 
leaves  a  hard,  white,  friable  residue  (Bechamp,  Compt.  rend.'^  4.1,  258). 
When  carefully  heated  in  a  test-tube,  it  melts,  with  slight  evolution  of 
red  vapours,  and  solidifies  in  the  crystalline  form  on  cooling.  When 
less  strongly  heated,  it  detonates,  with  abundant  evolution  of  red 
vapours,  and  leaves  no  residue  (Strecker).  —  3.  It  does  not  explode  by 
slight  friction,  but  when  struck  with  a  hammer,  it  detonates  ^aolently 
without  apparent  emission  of  red  vapours,  and  sets  fire  to  gunpowder 
mixed  with  it  (Sobrero).  —  4.  Oil  of  vitriol  dissolves  nitro-mannite 
abundantly  and  without  evolution  of  gas ;  even  the  addition  of  copper- 
turnings  produces  no  alteration ;  but  a  few  drops  of  water  eliminate 
large  quantities  of  red  vapour,  whilst  the  solution  takes  up  copper  and 
becomes  gTeen  (Strecker).  —  Oil  of  vitriol  diluted  with  from  2  to  4  per 
cent,  of  water  eliminates  from  nitro-mannite,  after  some  time,  colourless 
vapours  of  nitric  acid  (Knop).  —  5.  When  an  alcoholic  solution  of 
nitro-mannite  is  mixed  with  a  large  excess  of  sulphide  of  ammonium  which 
is  completely  saturated  with  hydro  sulphuric  acid,  it  is  reduced  to  man- 
nite, with  evolution  of  a  large  quantity  of  ammonia  and  separation  of 
sulphur.  If  sulphide  of  ammonium  less  completely  saturated  with 
sulphuretted  hydrogen  be  used,  there  remains,  on  evaporation,  a 
coloured  product,  containing,  in  addition  to  mannite,  the  ammonia 
salt  of  an  organic  acid  (Dessaignes,  Compt.  rend.  33,  462) ;  see  also  Knop. 
Pharm.  Centr.  1849,  807.  —  6.  By  continued  boiHng  with  aqueous  bisulphite 
of  ammonia  completely  saturated  with  sulphurous  acid,  nitro-mannite  is 
reduced  to  mannite,  with  formation  of  sulphate,  nitrite  and  nitrate  of 
ammonia  (A.  &  W.  Knop).  Sulphurous  acid  and  hydrosulphuric  acid  do  not 
appear  to  act  on  nitro-mannite.  —  7.  By  ferrous  acetate  it  is  reduced  to  man- 
nite (Bechamp,  N.  Ann.  Chim.  Phys.  46,  354),  for  the  most  part  to 
mannitan  (Berthelot).  By  treating  nitro-mannite  with  hydrochloric 
acid  and  iron,  copper  or  zinc,  mannite  and  many  decomposition-pro- 
ducts are  obtained. 

8.  By  boihng  aqueous  or  cold  alcoholic  potash,  nitro-mannite  is 
dissolved,  with  red  brown  coloration.  (Strecker.)  —  9.  Nitro-mannite 
heated  with  haryta-water  to  100°  for  forty  hours,  is  dissolved  with  yellow 
colour,  but  neither  mannite  or  mannitan  can  be  detected  in  the  solution 
(Berthelot,  N.  Ann.  Chim.  Phijs.  47,  340). 

Nitro-mannite  dissolves  in  alcohol  and  in  ether,  especially  with  aid 
of  heat. 
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Second  Appendix  to  Mannite. 

Mannitic  Acid. 

Gorup-Besanez.     Ann.  Pharm.  118,  257. 

The  formation  of  a  non-volatile  acid  from  mannite  was  first  observed  by  Dbbereiner 
(/.  pr.  Chem.  28,  498,  and  29,  452).  — This  acid  is  produced  from  mannite  under  the 
influence  of  platinum-black  (p.  360) ;  perhaps,  also,  with  the  aid  of  nitric  acid  (p.  360). 

Preparation.  A  mixture  of  1  pt.  mannite  and  2  pts.  platinum -black 
is  moistened  with  water  and  left  to  itself  at  a  temperature  not  exceed- 
ing- 30°  or  40°,  the  water  which  evaporates  bein^  frequently  renewed, 
till  the  whole  of  the  mannite  is  decomposed,  which,  if  20  or  30  grms. 
of  mannite  are  used,  takes  place  in  about  three  weeks.     If  the  temperature 

rises  above  40°,  the  acid  undergoes  further  alteration,  and  if  the  mixture  becomes  dry, 

it  sometimes  takes  fire.  —  The  mass  is  exhausted  with  water ;  the  solution 
is  precipitated  with  basic  acetate  of  lead;  and  the  precipitate  is 
collected,  washed,  and  decomposed  by  hydrosulphuric  acid.  The  solu- 
tion filtered  from  sulphide  of  lead  is  evaporated,  first  over  the  water- 
bath,  then,  when  it  begins  to  show  colour,  in  vacuo  over  oil  of  vitriol. 

Properties.  Gummy,  amorphous  mass,  without  any  sign  of  crystal- 
lisation.    Tastes  purely  and  strongly  acid. 

Decompositions.  1.  When  heated  to  80°,  it  turns  brown,  then  black, 
and  gives  off  gas.  —  2.  Heated  on  platinum-foil,  it  takes  fire  and  bicjms 
with  a  luminous  flame  and  an  odour  of  caramel,  leaving  charcoal.  — 
3.  Its  aqueous  solution  turns  brown  when  heated.  —  4.  Aqueous  man- 
nitic acid  heated  with  cupric-oxide  and  potash  throws  down  cujorous 
oxide ;  from  nitrate  of  silver  it  precipitates  the  metal. 

Combinations.  Mannitic  acid  dissolves  in  water  in  all  proportions. 
The  concentrated  solution  does  not  yield  crystals  when  shaken  up  with  alkaline  bisul- 
phites. 

With  Bases.  Aqueous  mannitic  acid  decomposes  carbonates  with 
effervescence,  and  dissolves  zinc  and  iron,  with  evolution  of  hydrogen. 
The  bibasic  mannitates  C^'^ff^M^O^*  are  all,  excepting  the  lead  and  silver 
salts,  easily  soluble  in  water,  and  most  of  them  are  amorphous  or 
granulo-crystalline.  They  are  insoluble  in  alcohol,  and  when  preci- 
pitated thereby,  dissolve  with  difficulty  in  water  after  drying,  and  in 
boiling  water,  they  knead  together  to  resinous  masses,  with  partial 
decomposition.     They  decompose  with  great  facility. 

Mannitic  acid  likewise  forms  basic  salts ;  mono-acid  salts  Gorup- 
Besanez  did  not  succeed  in  preparing.  The  aqueous  acid  is  not  pre- 
cipitated by  the  salts  of  calcium,  magnesium,  aluminum,  zinc,  cadmium, 
copper,  silver,  or  mercury. 

Mannitate   of  Potash.  —  Mannitic  acid   exactly  neutralised  with 
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aqueous  potash,  becomes  turbid  on  addition  of  alcohol  of  about  90  per 
cent.,  and  deposits  a  brownish  semi-fluid  mass,  perhaps  bibasic  mannitate 
of  potash.  The  solution  half  neutralised  or  completely  neutrahsed 
with  potash-ley,  turns  brown  and  decomposes  when  left  to  itself  or 
evaporated  over  the  water-bath,  but  does  not  yield  crystals. 

Mannitate  of  Baryta.  —  Aqueous  mannitic  acid  is  precipitated  by 
excess  of  baiyta-water.  The  clear  solution  of  mannitic  acid  neu- 
tralised with  baryta- water  turns  acid  from  decomposition  every  time 
it  is  evaporated  over  the  water-bath.  Mannitate  of  baryta  contains 
less  baryta  than  is  reqim-ed  by  the  formula  of  the  bibasic  salt. 

Mannitate  of  Lime.  —  Lime-water  reacts  with  mannitic  acid  in  the  same  manner 
as  baryta-water.  Aqueous  mannitic  acid  is  heated  with  carbonate  of  lime 
till  the  solution  becomes  neutral  and  no  longer  effervesces ;  the  cooled 
filtrate  is  mixed  with  2  vol.  alcohol  of  sp.  gr.  0*82  ;  the  flocks  which 
fall  down  are  collected,  washed  with  alcohol,  and  redissolved  in 
water ;  and  the  solution  is  reprecipitated  with  alcohol.  —  White, 
earthy  powder, — or  if  the  precipitate  has  been  heated  under  alcohol, 
—  round  microscopic  granules,  without  distinct  crystalline  form,  which 
give  off  adhering  water  at  100°. — After  drying  it  is  but  partially 
soluble  in  water,  and  melts  when  boiled  therewith  to  a  brown  resin, 
brittle  when  cold. 

Gorup-Besanez. 
Dried,  mean. 

12  C 72     ....     30-76     30-33 

10  H  10     ....       4-28     4-39 

2  Ca    40     ....     17-09     16-69 

14  0 112     ....     47-87     48-59 

C^^HioCaSO"      234     ....  lOO'OO     100-00 

Mannitate  of  Lead.  —  Acetate  and  nitrate  of  lead  throw  down  from 
aqueous  mannitic  acid,  precipitates  containing  from  54-82  to  67'8  p.  c. 
lead-oxide,  while  part  of  the  mannitic  acid  remains  in  solution.  Basic 
acetate  of  lead  precipitates  mannitic  acid  completely. 

Bibasic.  —  Aqueous  mannitic  acid  is  boiled  with  oxide  of  lead  and 
filtered  hot,  the  filtrate  then  depositing  a  granulo-crystalline  precipitate, 
while  part  of  the  salt  remains  undissolved  as  resin,  and  suffers  partial 
decomposition.  —  When  boiled  with  water,  it  is  converted  into  a  soft 
resin,  brittle  when  cold. 

Gorup-Besanez. 
mean. 

12  C  72-0     ....     17-93     17-64 

10  H 10-0     ....       2-49     2-37 

2  Pb 207-4     ....     51-66     51-45 

14  O  112-0     ...     27-92     28-54 

Ci2Hiopb20i* 401-4     ....  100-00     100-00 

Aqueous  mannitic  acid  partly  prevents  the  precipitation  of  iron- 
salts  by  reagents. 

Cupnc  mannitate.  —  Ammoniacal  cupric  salts  form  a  green  precipi- 
tate with  aqueous  mannitic  acid.     The   aqueous   acid,   boiled  with 
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hydrated  cupric  oxide,  dissolves  only  a  small  quantity,  but  reduces  a 
portion.  From  a  mixture  of  the  aqueous  acid  with  cupric  acetate, 
alcohol  throws  down  a  blue-g-reen  precipitate,  containing  more  cupric 
oxide  than  the  bibasic  salt. 

Bibasic.  —  Aqueous  mannitic  acid  is  heated  with  green  bibasic  car- 
bonate of  copper  (v.  414  ;  if  the  blue  carbonate  is  used,  reduction  is  apt  to  take 
place),  and  the  emerald-green  solution  is  evaporated  in  vacuo  over  oil  of 
vitriol.  A  salt  which  sometimes  separates  from  the  green  solution  during  cooling, 
usually  contains  a  larger  proportion  of  cupric  oxide  than  the  bibasic  salt.    Shining, 

green,  friable  plates,  permanent  at  100°. 

at  100°.  Gorup-Besanez. 

12  C  72-0     ....  27-97  27'2!^ 

10  H 10-0     ....  3-88  4-09 

2  Cu 63-4     ....  24  63  24-73 

14  O 1120     ....  43-52  43-89 

Ci2HioCu20i4 257-4     ....  100-00     100*00 

Mercurous  salts  and  ammonia  throw  down  from  aqueous  mannitic 
acid  a  white  precipitate,  which  gradually  turns  grey. 

Mannitate  oj  Silver.  —  A  strong  aqueous  solution  of  mannitate  of 
lime,  mixed  with  a  syrupy  solution  of  nitrate  of  silver,  solidifies  to  a 
white  pulp,  which  must  be  washed  with  cold  water.  Light  olive- 
green,  or  greenish  yellow  powder.  When  heated  in  the  liquid  from 
which  it  has  been  precipitated,  it  decomposes  completely,  with  separa- 
tion of  metaUic  silver. 


12  C  .. 
10  H.. 

2  Ag 
14  O  . 


Gorup-Besanez 

mean. 

72     .. 

.     17-56 

17-52 

10     .. 

..       2-43 

2-19 

216     .. 

..     52-68 

52-65 

112     . 

..     27-33 

....     27-64 

CiSRioAgSO^^ ....  410     ....  10000     100-00 

Mannitic  acid  dissolves  in  alcohol  in  all  proportions,  but  is  nearly 
n  soluble  in  ether. 


Dulcite. 

LattrEnt.     Compt.  rend.  30,  41 ;  Compt.  chin.  1850,  364 ;  Ann.   Pharm. 

76,  358;  J.  pr.  Chem.  49,  403;  Fharrn.  Centr.  1850,  217.— Compt. 

rend.  31,  694;   Compt.  chim.  1851,  29;  Ann.  Pharm.  80,  345;  J.  pr. 

Chem.  53,  170. 
Jacquelain.     Compt.  rend.  31,   625;    Compt.    chim.  1851,   21;   abstr. 

Ann.  Pharm.  80,  345;  J.  pr.  Chem.  51,  163. 

Dulcose  (Laurent) ;  Dulcine  (Jacquelain).  Found  in  tubers,  of  Unknown 
origin,  which  were  sent  in  large  quantity  from  Madagascar  to  Paris 
in  1848,  and  is  extracted  therefrom  by  boiling  water.     The  aqueous 
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extract,  on  cooling,  yields  crystals  of  dulcite,  while  a  colourless,  un- 
crystallisable  syrup  remains  (Laurent). 

Properties.  Colourless,  highly  lustrous  prisms  of  the  obhque 
prismatic  system,  Fig.  67  without  t,  but  with  m  from  Fig.  69.  Rhom- 
bic prism  u  having  its  obtuse  edge  perpendicularly  truncated  by  m ; 
the  ends  accuminated  by  the  octahedron  a,  and  this  truncated  by  the 
obhque  basic  face  p-,  w.u  m  front  =  112° ;  w.u  (sideways)  =  68°  ; 
u:m=  146°  ;  mip  —  113°  45'  (calc.)  -,  u:p  =  109°  30'  (calc.)  ;  a'.p  = 
140°  (obs.) ',  a:u  =  149°  30'  (obs.) ;  a"  '.p  =  115°  48'  (calculated  from 
the  preceding  data),  =  115°  (obs.) ;  a'.u  =  134°  42'  (calc.)  =  135°  30' 
(obs.)  (Laurent).  Melts  at  about  190°  (Laurent);  at  182°  and  soh- 
difies  in  the  crystalline  state  at  181°  (Jacquelain).  Grates  between 
the  teeth.  Inodorous,  but  has  a  rather  sweet  taste  (Laurent).  No 
rotatory  power  (Biot,  Jacquelain).  Neutral.  Subhmes  under  the 
same  circumstances  as  mannite  (Berthclot).  (See  Melamjiyriie  in  the 
Appendix.) 


12  C   

14  H  

12  O  

72     . 
14     . 
96     . 

..     39-56     . 
..       7-69     . 
..     52-75     . 

Laurent. 
earlier.               later. 

..     38-14     39-20     . 

..       7-66     7-61     . 

..     54-20     53-19     . 

Jacquelain. 

39-69 

7-70 

52-61 

C12H14012... 

.  182     . 

...  100-00     . 

...  100-00     100-00     . 

100-00 

Laurent  and  Jacquelain  formerly  gave  other  formulae.  Soubeiran  (Compt.  rend. 
30,  339)  regarded  dulcite  as  identical  with  mannite,  and  Laurent  then  recognised  its 
isomerism  with  mannite. 

Decompositions.  1.  When  heated  above  190°,  it  gives  off  about 
9  per  cent,  of  water ;  if  the  loss  amounts  to  10  per  cent.,  the  residue 
becomes  coloured  and  gives  off  empyreumatic  products,  but  if  dissolved 
in  water,  yields  unaltered  crystals  of  dulcite  (Laurent).  Under  these 
circumstances,  dulcitan  is  doubtless  formed,  and  then  reconverted  into  dulcite,  as  Ber- 
thelot  {Chirn.  organ.  2,  209)  also  supposes.     (Is  this  view  supported  by  experiment?) 

Dulcite  heated  to  275°  gives  off  carbonic  oxide  without  much  colour- 
ing; between  280°  and  290°,  it  evolves  large  quantities  of  gas  smell- 
ing of  acetic  acid  and  acetone  (Jacquelain).  Dulcite  yields,  by  dry 
distillation,  the  same  products  as  mannite,  but  does  not  leave  any 
carbonaceous  residue  (Laurent).  —  2.  Heated  in  small  quantities  on 
platinum-foil,  it  appears  to  boil,  giving  off  gases  and  vapours  of  dul- 
cite, which  take  fire  and  hum  completely  away  (Jacquelain).  —  3.  Dry 
chlorine  gas  does  not  act  on  dulcite  in  sunshine,  even  when  passed 
into  its  solution  heated  to  40°;  but  when  chlorine  gas  is  passed  over 
dulcite  in  the  fused  state,  hydrogen  is  abstracted  and  hydi^ochloric 
acid  is  formed,  part  of  this  acid  remaining  united  with  the  undecom- 
posed  portion  of  the  dulcite  in  the  form  of  a  conjugated  acid  (Jacque- 
lain). When  the  product  formed  by  chlorine  is  dissolved  in  water, — 
whereupon  loose  brown  flocks  separate,  —  the  solution  filtered,  the 
excess  of  chlorine  expelled  by  boihng,  the  hydrochloric  acid  completely 
precipitated  by  an  equivalent  quantity  of  sulphate  of  silver,  and  the 
sulphuric  acid  by  baryta- water,  there  remains  a  neutral  hquid  con- 
taining baryta  and  hkewise  hydrochloric  acid,  precipitable  by  sulphuric 
acid  and  sulphate  of  silver.  If  this  hquid  be  again  mixed  with  sul- 
phate of  silver,  chloride  of  silver  is  formed,  together  with  a  soluble 
silver-salt  which,  when  evaporated  in  vacuo,  remains  behind  as  an 
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uncrystallisable,  sticky  mass  (Jacquelain).  —  4.  With,  bmiodide  of  phos- 
pJiorus,  dulcite  behaves  like  mannite  (Berthelot,  Chi7n.  organ.  2,  208). — 
5.  NitiHc  acid  converts  it  into  mucic  acid  (Laurent).  Dulcite,  boiled  with 
nitric  acid  according  to  Liebig's  method  (see  Milk-sugar,  p.  220),  yields 
mucic,  oxalic,  and  racemic  acids.  As  long  as  the  formation  of  the 
latter  acid  goes  on,  the  solution  contains  a  substance  which  reduces 
potassio-cupric  tartrate  in  the  same  manner  as  grape-sugar.  Whilst 
therefore  milk-sugar,  treated  with  nitric  acid,  yields  (dextro-)  tartaric 
acid,  dulcite,  treated  in  Hke  manner,  yields  (inactive)  racemic  acid. 
(Carlet,  Compt.  rend.  51,  137,  and  53,  343).  —  6.  From  the  solution  in 
fuming  nitric  acid,  dulcite  is  precipitated  by  adding  oil  of  vitriol,  and 
pouring  in  water,  as  hexnitrodulcite  (Bechamp,  Compt.  rend.  51,  257). 
Water  does  not  precipitate  the  nitric  acid  solution. 

7.  Dulcite  dissolves  slowly  and  without  colouring  in  oil  of  vitriol 
and  forms  dulcisulphuric  acid.  The  solution,  if  heated  above  40°  or 
50°,  blackens  and  gives  off  carbonic  and  sulphurous  acids  (Jacquelain). 
According  to  Berthelot,  dulcite  is  not  carbonised  at  100°,  either  by  oil 
of  vitriol  or  b^^  fuming  hydrochloric  acid.  Oil  of  vitriol,  diluted  with 
20  pts.  of  water,  likewise  forms  a  small  quantity  of  dulcisulphuric  acid, 
when  heated  to  100°  for  six  hours,  without  altering  the  rest  of  the 
dulcite.  When  the  solution  of  dulcite  in  oil  of  vitriol  is  diluted  with 
"water,  and  neutrahsed  with  carbonate  of  baryta,  a  solution  of  dulci- 
eulphate  of  baryta  is  obtained,  which,  after  evaporation  in  vacuo, 
remains  as  a  translucent,  adhesive  mass  having  a  bitter  and  sharp 
taste,  soluble  in  dilute  alcohol,  less  soluble  in  absolute  alcohol  and 
insoluble  an  ether,  not  precipitable  from  its  solutions  by  aqueous 
nitrate  of  lead  or  nitrate  of  silver.  From  its  solution,  mixed  with  basic 
.acetate  of  lead,  alc<^hol  throws  down  dulcisulphate  of  lead. 

8.  Dulcite  lieated  with  acetic,  butyric,  benzoic  or  stearic  acid  to  200 ^'j 
or  with  tartaric  acid  to  100°,  forms  peculiar  compounds  called 
Duicitanides,  which  resemble  the  mannitanides  (p.  362)  in  all  respects, 
and  like  the  latter,  take  up  water  and  are  resolved  into  dulcitan  and 
acid.    (Berthelot,  Compt.  rend.  41,  452.) 

9-  Dulcite  boiled  with  dilute  potash-ley  (or  concentrated,  according 
to  Jacquelain)  is  dissolved,  and  crystallises  unaltered  on  coohng. 
(Laurent.)  Very  strong  potash-ley,  at  the  boiling  heat,  forms,  with 
dulcite  a  syrup  which  is  not  precipitated  by  alcohol  (Laurent).  When 
dulcite,  is  fused  with  hydrate  of  potash,  or  subjected  to  dry  distillation 
with  potash-lime,  hydrogen  is  evolved,  mixed  with  small  quantities 
of  ammonia  (from  the  cyanogen  in  the  potash,  Kr.)  and  marsh-gas ;  some- 
times also  an  oil  smelhng  like  acetone  passes  over.  In  the  residue 
there  remain  carbonate  of  potash,  a  large  quantity  of  oxalate  and  a 
small  quantity  of  butyrate,  the  latter  recognisable  by  its  odour  after 
supersaturation  with  sulphuric  acid  (Jacquelain).  —  10.  Yrompotassio- 
cupric  tartrate,  dulcite  does  not  precipitate  cuprous  oxide,  even  after 
boiUng  with  acids  (Berthelot). 

11.  Dulcite  does  not  ferment  in  contact  with  yeast.  (Soubeiran, 
Jacquelain.)  It  undergoes  the  same  decomposition  as  mannite  (p.  365), 
into  alcohol,  lactic  acid  and  butyric  acid,  when  left  in  contact  for  some 
weeks  at  40°  with  cheese  (or  pancreas  tissue)  and  chalk;  like  mannite 
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it  also  forms  a  peculiar  sugar  by  contact  with  testicular  tissue  (Ber- 
thelot,  iV".  A7171.  Chun.  Phijs.  50,  348  and  372). 

Combinations.  Dulcite  dissolves  readily  in  watei^,  and  crystallises 
from  the  boiling  saturated  solution  on  cooHng. — Aqueous  dulcite  dis- 
solves lime  (Berthelot). 

With  Baryta.  —  Baryta- water  is  added  to  aqueous  dulcite,  and  the 
solution  is  concentrated  in  a  flask.  On  cooling,  it  deposits  four-sided 
jrisnis,  terminated  by  an  acute  pyramid  with  rectangular  base.  They 
mst  be  quickly  washed  with  aqueous  alcohol.  This  compound  gives  off 
57'4  p.  c.  water  at  170°  and  contains  29'7  p.  c.  barium,  agreeing  with 
'\e  formula  C'''W0^\2^2^0  +  14  aq.  (calc.  27*33  p.  c.  HO  and  29'71 
5a).     (Laurent.) 

Dulcite  is  not  precipitated  by  aqueous  acetate  of  lead,  either  neutral  or 
hasic  (Laurent),  by  nitrate  of  silver,  or  by  terchloride  of  gold,  and  is  not 
altered  by  either  of  these  reagents,  even  at  the  boiling  heat.  (Jac- 
quelain.)  From  its  concentrated  aqueous  solution,  it  is  precipitated  by 
ammoniacal  sugar  of  lead  (Berthelot). 

Nearly  insoluble  in  boihng  alcohol  (Laurent). 


Appendix  to  Dulcite. 

Dulcitan. 

Q12JJ12010. 

Berthelot.     Chim.  organ.  Paris,  1860,  2,  209. 

Dulcinane. 

Obtained  by  heating  dulcite  for  some  time  to  near  200°,  or  by  the 
decomposition  of  dulcitanides,  in  the  same  manner  as  mannitan  (p.  369) 
from  mannite  and  mannitanides,  and  purified  in  the  same  manner  as 

mannitan.  —  A  viscid  syrup,   probably  dulcitan,  is   obtained  by  reducing  hexnitro- 
and  quadrinitrodulcite  with  ferrous  salts  (Be'champ,  Compt.  rend.  51,  258). 

Scarcely  fluid,  neutral  syrup,  which  volatihses  perceptibly  at  120°, 
and  is  partially  converted  into  dulcite  by  prolonged  contact  with  water, 
or  by  heating  with  haryta-crystals  and  water. 

Soluble  in  water  and  in  absolute  alcohol,  but  not  in  ether. 


Conjugated  Compounds  of  Dulcite. 

Butyro-dulcitan. 

Berthelot.     Chim.  organ.  2,  210. 

Dulcite     hutyrique,    Buttersduredulcitanester.  —  Obtained     from    butyric 

2c2 
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acid  and  dulcite  at  120°,  in  the  same  manner  as  acetomannitan  (p.  375), 
from  mannite  and  acetic  acid,  and  purified  like  that  compound. 

Colourless,  inodorous,  viscid  oil  which  tastes  bitter  and  also  like 
butyric  acid.  Neutral.  —  Decomposed  by  alcoholic  hydrochloric  acid, 
into  dulcitan  and  butyrate  of  ethyl. 

Sparingly  soluble  hi  water,  easily  in  alcohol  and  ether. 


Dulcitartaric  Acid. 

C28H20O30  ^  c^2Hi20^2C«H*0^«. 
Berthelot.     N.  Ann.  Chim.  Phys.  54,  77. 

Known  only  as  a  Hme-salt,  which  is  prepared  in  the  same  man- 
ner as  manni-tartrate  of  lime.  This  salt,  after  drying  in  vacuo,  retains 
water  of  which  11*7  p.  C.  goes  off  at  110°  (8  at.  by  calculation  =  11-8  p.  c). 

a^llO°.  Berthelot. 

28  C    168     ....  31-23  31-6 

26  H  26     ....  4-83  5-3 

36  O    288     ....  53-53  53-3 

2  CaO 56     ....  10-41  98 

C28Hi8Ca2O30,8HO 538     ....  100-00     100-0 

After  drying  in  vacuo,  it  is  therefore  C'SH^sCaSO^o  +  16H0. 

Benzo-dulcitan. 

C40H20O14  =  C^2nio08,2C"H'^0^ 

Berthelot.     Chim.  organ.  2,  211. 

Dulcite  benzoique,  Benzoedulcitanester.—Ohtamed  from  dulcite  and  ben- 
zoic acid,  hke  acetomannitan  (p.  375),  from  mannite  and  acetic  acid. 

Neutral  resin,  resembling  turpentine ;  decomposed  by  alcoholic  hydro- 
chloric acid,  with  formation  of  benzoate  of  ethyl ;  by  hydrate  of  lime 
into  benzoate  of  lime  and  a  mixture  of  dulcite  and  dulcitan,  amounting 
to  47  per  cent. 

Insoluble  in  water,  easily  soluble  in  ether, 

Quadrinitro-dulcite. 

Bechamp.     Compt.  rend.  51,  257 ;  Zeitschr.  Ch.  Pharm.  3,  657. 

Hexnitrodulcite  is  completely  converted  into  this  compound  with- 
out alteration  of  crystalline  form,  by  the  spontaneous  decomposition 
which  it  undergoes,  with  evolution  of  nitrous  vapours,  when  kept  for 
a  month  between  30°  and  45°. 
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Needles  harder  and  less  flexible  than  those  of  hexanitrodulcite ; 
crystallises  from  alcohol,  in  beautiful  translucent  prisms. — Melts  to  a 

I  pasty  mass  at  130°,  completely  at  140°,  and  gives  off  red  fumes  at 
145°. 
It  is  reduced  hj  ferrous  salts  and  forms  a  non-crystallisable  syrup, 
probably  dulcitan, 
I  Hexnitro-dulcite. 

Bechamp.     Compt.  rend.  51,  257. 

Dulcine  trinitrique  =  CeH^O^jSNO^.     (Bgchamp.) 

A  solution  of  dulcite  in  5  pts.  fuming  nitric  acid  is  mixed  with 
10  pts.  oil  of  vitriol,  and  the  mixture,  which  becomes  turbid,  is  imme- 
diately thrown  into  a  large  quantity  of  water.  The  semifluid  precipi- 
tate sohdifies  slowly  to  a  buttery  mass,  which,  after  washing  with 
water,  crystallises  from  alcohol  in  needles. 

Beautiful,  colourless,  flexible  needles,  which  melt  between  68° 
and  72°. 

Gives  off  nitric  acid  vapours  continuously  and  is  in  the  end 
wholly  converted  into  quadrinitro-dulcite.  —  When  heated  to  90°,  it  is 
converted,  with  regular  emission  of  red  vapours,  into  a  pasty  mass, 
and  then  into  a  hard,  friable,  white,  acid  product. 


Saccharoidal  Substance  C^'^H^O^^ 

Melampyrite.* 

HiJNEFELD.    J.  pr.  Chem.  7,  233  ;  9,  47  ;  abstr.  Berz.  Jahresher.  17,  312. 
W.  EiCHLER.      Ueher  das  Melampyrin^  Moskau,  1855  ;  abstr.  Lieb.  Kopp. 

Jahresher.  1856,  665  ;  iV^.  Re2)ert.  7,  259  ;    Chem.   Centr.  1859,  522  ; 

Rep.  Chim.  pure,  2,  103. 

Afe/ampyrm.— Found  in  the  herb  of  Melampyrum  nemorosum  (Hiinefeld), 
also  of  Scrophularia  nodosa  and  Rhinanthus  Crista  Galli  (Eichler). 

Preparation.  The  decoction  of  the  dried  herb  taken  at  the  flower- 
ing time  is  mixed  with  milk  of  lime  till  it  exhibits  an  alkaline  reaction, 
then  boiled  up,  filtered,  concentrated  to  a  small  bulk,  and  acidulated 
with  hydrochloric  acid.  On  cooling  and  further  crystalHsation,  melam- 
pyrite crystaflises  out,  and  may  easily  be  obtained  pure  by  recrystal- 
lisatiou  from  water  (Eichler).  —  2.  The  dried  herb  is  boiled  with  water 

*  A  paper  by  Dr.  L.  Gilmer,  showing  that  Melampyrite  is  identical  with  Dulcite 
(p.  384)  has  just  appeared  {Ann.  Pharm.  Sept.,  18G2), — too  late  for  insertion  in  the 
text.     The  results  will  be  given  in  the  Appendix  to  this  volume. 
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containing  hydrochloric  acid,  the  decoction  is  strained,  mixed  with  milk 
of  lime  till  it  exhibits  a  slight  alkaline  reaction,  then  concentrated, 
■ — whereupon  it  deposits  succinate  of  lime, — and  the  hme-compound  of 
melampyrite,  which  passes  into  the  filtrate,  is  decomposed  with  hydro- 
chloric acid  ;  it  then  deposits  crystals,  which  may  be  purified  by  re- 
crystaUisation  (Eichler).  • — Ilunefeld  evaporates  the  decoction  to  a 
syrup,  and  leaves  the  melampyrite  to  crystalhse  out;  removes  from  the 
mother-liquors  the  substances  precipitable  by  neutral  and  basic  acetate 
of  lead,  and  the  excess  of  lead  by  hydrosulphuric  acid,  and  again 
evaporates.  Eichler,  instead  of  proceeding  in  this  manner,  precipitates 
the  decoction  with  neutral  acetate  of  lead,  boils  the  filtrate  with  lead- 
oxide,  removes  dissolved  lead  by  hydrosulphuric  acid,  and  evaporates. 

Properties.  '  Colourless,  transparent  prisms,  generally  united  into 
crusts.  Less  sweet  than  milk-sugar.  Sp.  gr.  1-466  at  15°.  Melts 
at  186°,  without  loss  of  weight,  to  a  clear  liquid,  which,  on  cooling, 
solidifies  to  a  crystalline  mass,  with  cauhflower-like  excrescences. 
Neutral.     Destitute  of  rotatory  power  (Eichler). 

Eichler. 
at  100° 

12  C   

15  H 

13  O 

C12H15013   191     100-00     10000 

Decompositions.  1.  Fused  melampyrite  becomes  slightly  brown 
when  heated  to  180°,  but  still  sohdifies  in  the  crystalhne  form  on  cool- 
ing, the  loss  of  weight  amounting  to  about  1  per  cent.  —  2.  Heated 
on  platinum-foil,  it  emits  a  faint  odour  of  caramel,  takes  fire  and  burns 
with  a  white  flame.  —  3.  It  dissolves  in  oil  of  vitriol,  forming  melam- 
pyro-sulphuric  acid,  the  solution  turning  brown  when  heated.  —  4.  It 
dissolves  easily  in  warm  nitric  acid  of  sp.  gr.  1'32  and  crystaUises  on 
cooling  apparently  without  alteration.  On  heating  the  solution,  nitrous 
fumes  are  given  off,  and  mucic  and  oxalic  acids  are  formed.  —  The 
solution  of  melampyrite  in  cold  nitro-sulphuric  acid  yields,  on  addition 
of  water,  an  oil  which  dissolves  in  alcohol  and  ether,  leaving  a  white 
pow^der.  The  latter  is  obtained  almost  alone  by  the  action  of  only 
6  pts.  nitrosulphuric  acid  continued  for  one  day,  whereas  from  10  to 
15  pts.  acid  acting  for  2  or  3  days  at  20°— 25°  forms  chiefly  the  pro- 
duct soluble  in  ether,  which,  however,  is  itself  a  mixture  of  a  crystal- 
Usable  and  an  oily  nitro-compound.  From  the  pulverulent  nitro-com- 
pound  insoluble  in  ether,  melampyrite-ammonia  is  formed  by  the  action 
of  sulphide  of  ammonium  (Eichler). 

Melampyrite  is  not  decomposed  by  boihng  with  dilute  acids  or 
alkalis,  or  by  potassio-cupric  tartrate.  It  is  not  altered  by  heating 
with  dilute  sulphuric  acid  and  bichromate  of  potash,  and  when  mixed 
with  potash-ley,  does  not  reduce  mercuric  oxide.  It  does  not  ferment 
with  yeast.  (Eichler.) 

Combinations.  Melampyrite  dissolves  in  25-5  pts.  of  water  at  15°, 
easily  in  boiling  water. 

Melampyrite  combines  with  bases.  The  compounds  with  the  alkalis 
and  alkahne  earths  are  soluble  in  water,  those  with  lead- oxide  and 
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cupric  oxide  are  insoluble.     Aqueous  melampyrite  does  not  precipitate 
metallic  salts.     (Eichler.) 

With  Ammonia. — Melampyrite  crystallises,  unaltered,  from  hot 
aqueous  ammonia,  or  after  being  heated  with  it  to  120°;  but  when 
nitromelampyrite  (p.  390)  is  decomposed  by  sulphide  of  ammonium,  or 
when  the  baryta-  or  hme-compound  of  melampyrite  is  decomposed  by 
carbonate  of  ammonia,  the  concentrated  filtrate  yields  transparent, 
colourless  right  prisms,  which  have  an  alkaline  reaction,  do  not  give  off 
ammonia  at  100°,  but  become  carbonised  at  higher  temperatures,  with 
loss  of  ammonia  and  without  previous  fusion,  and  are  decomposed  by 
acids  into  melampyrite  and  an  ammonia-salt.  These  crystals  are 
easily  soluble  in  water.     (Eichler.) 

Potash-compound.  —  Warm  alcoholic  potash  dissolves  melampyrite, 
and  the  solution,  when  left  to  itself,  deposits  needles,  which,  having  a 
caustic  alkaline  taste,  are  easily  soluble  in  water,  absorb  water  and 
carbonic  acid  from  the  air,  and  are  converted  into  a  mixture  of  melam- 
pyrite and  carbonate  of  potash.    (Eichler.) 

Soda-compound.  —  Small  flat  needles,  resembling  the  potash-com- 
pound, but  less  soluble  in  alcohol. 

Baryta- compound.  —  When  melampyrite  is  heated  with  water  and 
baryta-crystals,  a  clear  solution  is  formed,  which,  on  cooling,  deposits 
six-sided  prisms.  Easily  soluble  in  warm  water,  less  soluble  in  alcohol, 
which,  however,  does  not  precipitate  the  aqueous  solution.  Gives  off 
26-73  p.  c.  water  at  120°.    (Eichler.) 

Eichler. 

C12H15013 191-0     ....     40-64 

2  BaO  153-2     ....     32-58     32*05 

14  HO 126-0     ....     26-78     26-73 

Ci2Hi50i3,2BaO  +  14aq 470-2     ....  100-00 

Aqueous  melampyrite  dissolves  lime.  —  Melampyrite  does  not  com- 
bine with  magnesia. 

Lead-compound. — An  aqueous  solution  of  melampyrite  is  not 
precipitated  by  acetate  of  lead,  either  neutral  or  basic.  From  an 
ammoniacal  solution  of  the  neutral  acetate,  aqueous  melampyrite 
throws  down  a  white  precipitate,  which  after  drying  at  100°  in  a 
stream  of  hydrogen,  contains  77*68  p.  c.  lead-oxide,  corresponding  to 
the  formula  C^2Hi50^^6PbO,  which  requires  77*84  p.  c.  PbO.  (Eichler.) 

Copper-compound.  —  Melampyrite  boiled  with  cupric  sulphate  and 
potash  yields  a  clear  blue  solution.  —  From  aqueous  melampyrite  an 
ammoniacal  solution  of  cupric  sulphate  throws  down  a  hght  blue  pre- 
cipitate, which  after  washing  with  weak  aqueous  ammonia,  turns 
green  at  100°,  and  contains  55-25  p.  c.  cupric  oxide,  agreeing  there- 
fore with  the  formula  Q,^''W^O^\QGviO,  which  requires  55-49  p.  c.  CuO. 
(Eichler.) 

Melampyrite  dissolves  in  1362  pts.  alcohol  of  sp.  gr.  0*835.  From 
the  solution  in  boiling  alcohol,  a  few  transparent  crystals  separate  on 
cooling.  It  is  slightly  soluble  in  acetone,  wood-spirit,  chloroform,  and 
acetate  of  ethyl,  insoluble  in  ether,  benzene,  oil  of  turpentine,  and  rock-oil. 
(Eichler.) 
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Conjugated  Compounds  of  Melampyrite. 

Melampyro-sulphuric  Acid. 

ElCHLER,    loc.  Clt. 

The  solution  of  melampyrite  in  oil  of  vitriol,  diluted  with  water, 
saturated  with  carbonate  of  lead,  filtered  from  sulphate  of  lead  and  de- 
composed by  hydrosulphuric  acid,  then  filtered  from  the  sulphide  of 
lead  and  evaporated,  yields  melampyro-sulphuric  acid  in  the  form  of  a 
syrup,  which  has  a  faint  yellow  colour,  a  sour  and  bitter  taste,  and 
carbonises  when  heated,  evolving  sulphurous  acid. 

Melampyrosulphate  of  Baryta.  —  Obtained  by  dissolving  melampyrite 
in  oil  of  vitriol,  diluting  with  water,  neutralising  with  carbonate  of 
baryta,  and  evaporating  the  filtrate  at  a  very  gentle  heat.  —  In  the 
moist  state  it  is  a  mass  having  the  consistence  of  turpentine ;  after 
drying  in  vacuo  it  forms  a  transparent  gum  which  dissolves  readily  in 
water  and  is  precipitated  by  alcohol.     Decomposes  at  100°. 

Eichler. 

C12H12O10  164-0     ....     25-88 

3  BaO  229-8     ....     36-26     36-45 

6  S03    240-0     ....     37-86     37-79 

Ci2Hi2Ba30i3,6S03 633-8     .,..   lOO-QO 

The  lime-salt  resembles  the  baryta-salt,  but  is  not  precipitated  by 
alcohol  from  the  aqueous  solution.  It  does  not  precipitate  either  basic 
acetate  of  lead,  mercurous  nitrate,  or  nitrate  of  silver.  (Eichler.) 

Appendix  to  the  Carbo-hydrates, 
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Chodnew.     Ann.  Pharm.  51,  356. 

,Fr.  John.     N.  Br.  Arch.  45,  24,  and  129. 

Vegetable  jelly,  Gelee  vegetale,  Grossuline,  Pflanzengallerte. 

Vauquelin  showed,  in  1790,  that  the  expressed  juice  of  tamarinds  and  other  fruits 
solidifies,  when  left  at  rest,  to  a  transparent  jelly,  which  may  be  purified  by  draining 
oflf  the  juice  and  washing.  This  jelly,  which  was  then  likewise  separated  by  Vauquelin, 
Bostock,  and  John  from  other  fruits,  is  sparingly  soluble  in  cold  water,  easily  in  hot 
water,  and  in  alkalis,  and  may,  therefore,  be  regarded  as  pectosic  acid.  Braconnot,  in 
1824,  by  exhausting  plants  with  alkalis  and  precipitating  the  extract  with  acids,  obtained 
pectic  acid  (or  pectosic  acid)  ;  respecting  which  he  showed,  in  1832,  that  it  does  not 
constantly  occur  ready  formed,  and  not  in  all  fruits,  being  more  frequently  produced 
by  the  action  of  alkalis  on  pectin.  Since  that  time  the  most  exact  experiments  on 
pectous  substances  have  been  made  by  Fremy.  —  The  statements  of  Chodnew  and  of 
Poumar^de  &  Figuier  cannot  with  certainty  be  applied  to  either  of  Fremy's  pectous 
substances  in  particular.  Chodnew's  pectin  is  most  nearly  related  to  Fremy's  para- 
pectin  j  his  pectous  and  hyperpectic  acids  do  not  agree  exactly  with  either  of  Fremy's 
pectous  substances.  —  According  to  Mulder,  pectin  and  pectic  acid  are  distinguished 
from  one  another  by  the  different  quantities  of  inorganic  matter  which  are  united  in 
them  with  the  organic  substance.  The  former  may  be  regarded  as  a  neutral,  the  latter 
as  an  acid  salt. 

Occurrence  and  Formation.  Many  fruits  in  the  unripe  state, 
fleshy  roots  and  other  parts  of  plants  (vid.  inf.)  contain  a  substance 
insoluble  in  water,  alcohol,  and  ether  :  Fremy's  pectose,  which, 
during  the  ripening  of  the  fruit  or  by  boihng  with  water,  acids,  or 
alkahs,  yields  the  several  pectous  substances.  Of  the  latter,  pectin, 
parapectin  (and  perhaps  pectic  acid)  are  found  in  the  ripe  fruit,  while 
the  over-ripe  fruit  contains  salts  of  metapectic  acid. 

Pectous  substances  occur  in  lemons,  oranges,  currants,  goose- 
berries, bilberries,  and  the  fruit  of  Solanum  lycopersicon  (Vauquelin, 
Bostock,  John) ;  in  apples,  pears,  plums,  and  apricots,  in  the  cucum- 
ber and  the  fruits  of  other  cucurbitaceous  plants  (Braconnot),  in  the 
tubers  of  Dahlia  pinnata,  Helianthus  tuber osus^  and  the  bulbs  of  Allium 
Cepa ;  in  the  roots  of  Scorzonera  hispanica,  Apium  graveolens,  Daucus 
Carota,  Brassica  Napus,  Pozonia  officinalis,  Phlomis  tuberosa,  Rumex 
Patientia,  Spiroea  filipendula  (Braconnot),  Gentiana  lutea  (Denis,  J.  Pharm. 
22,  304);  in  the  root-bark  of  Aylanthus  glandulosa  (Payen),  in  the 
stalks  and  leaves  of  herbaceous  plants,  in  maple-wood,  in  the  inner 
bark  of  all  trees,  in  the  seeds,  and,  generally  in  every  plant  (Bracon- 
not). The  fruit  of  Arbutus  Unedo  contains  parapectin  (Filhol,  Compt. 
rend.  50,  1185).  Cinchona-barks  contain  pectin,  according  to  Yelt- 
mann  (Schw.  54,  388),  and  Reichel  ( Ueber  Chinarinden  u.  deren  chem. 
Bestandth.  Leipzig,  1856) ;  according  to  Reichhardt  {N.  Br.  Arch.  92, 
12),  they  do  not. 

Calluna  vulgaris  and  Erica  herbacea  contain  a  pectous  substance ; 
Ledum  palustre  contains  a  mixture  of  pectin  and  parapectin  (Rochleder, 
Wien.  Akad.  Ber.  9,  312).  (On  jellies  from  pine  needles,  pine-bark,  and  Thuja 
occidentalis  see  vol.  xiii,  pp.  239,  240,  the  jellies  from  yellow  pods  and  the  fruit  of 
Syringa  are  described  in  this  Appendix),  —  A  jelly  from  Fucus  crispus  was 
examined  by  Mulder  (J.  pr.  Chem.  15,  293)  and  Herberger  {Repert.  49, 
348)  ;  another  from  Fucus  amylaceus  by  Riegel  {Jahrb.  pr.  Pharm.  6,  8), 
from  Rivularia  tubulosa  by  Braconnot  {Ann.  Chim.  Phys.  70,  206). 

The  existence  of  pectose  in  plants  is  demonstrated  by  the  follow- 
ing observations : — 

Pectin  is  precipitated  by  alcohol  from  the  juice  of  ripe,  but  not  of 
unripe  fruits.     When  the  pulp  of  unripe  fruits  is  washed  with  water 
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as  long  as  the  water  runs  off  acid,  and  the  residual  mass  is  boiled 
with  water,  no  pectin  passes  into  the  solution,  but  boiled  unripe  fruits, 
or  the  solutions  obtained  by  boiling  unwashed  fruit-pulp  with  dilute 
acids,  or  acid  fruit-juice,  are  rich  in  pectin  (Fremy). 

When  fruit-pulp  or  roots  are  macerated  for  several  days  with 
strong  hydrochloric  acid,  the  solution  contains  only  traces  of  pectin, 
but  if  they  are  boiled  for  some  minutes  with  slightly  acid  water,  the 
pectin  passes  into  solution.  In  this  case,  insoluble  compounds  of 
pectin,  if  such  had  existed  in  the  fruit-pulp,  must  have  been  decom- 
posed without  the  aid  of  heat  (Fremj^). 

During  the  ripening  of  fruits,  the  cellular  tissue,  which  is  at  first 
thick  and  formed  of  several  superposed  membranes,  becomes  thinner, 
and  is  converted  into  soluble  products,  at  the  same  time  that  the 
incrusting  layers  of  pectose  dissolve  in  the  form  of  pectin.  If  a  thin 
slice  of  the  fruit  be  placed  under  the  microscope  in  contact  with 
aqueous  cuprammonia  for  some  hours,  the  woody  fibre  dissolves,  the 
insoluble  residue  still  exhibits  the  form  of  the  cells,  and  is  formed  of 
green  cupric  pectate,  which  is  decolorised  by  acids,  with  separation  of 
pectic  acid.  In  this  case,  the  pectic  acid  is  formed  from  pectose, 
whereas  the  same  substance,  when  treated  with  dilute  acids,  dissolves 
as  pectin,  and  when  boiled  with  milk  of  hme,  as  metapectic  acid 
(Fremy). 

The  observations  of  Soubeiran  and  Chodnew  (vid.  inf.)  do  not  quite 
agree  with  those  of  Fremy.  When  peeled  quinces,  not  perfectly  ripe, 
are  rubbed  to  a  pulp,  the  juice  filtered  off,  boiled  up,  filtered  again, 
cooled,  and  mixed  with  a  large  quantity  of  alcohol,  only  a  very  small 
quantity  of  jelly  is  produced.  If  the  remaining  substance  be  washed, 
and,  while  still  acid,  boiled  for  some  minutes  with  water,  and  finally 
again  with  hydrochloric  acid,  a  jelly  is  again  obtained.  Perfectly  ripe 
quinces  yield  but  a  small  quantity  of  jelly  when  their  juice  is  preci- 
pitated with  alcohol,  but  a  large  quantity  when  the  entire  fruit  is 
boiled  with  water.  The  jelly,  after  being  washed  with  alcohol,  dis- 
solves but  partially  in  water,  a  portion  not  dissolving  till  it  has  again 
been  boiled  with  acidulated  water.  From  the  juice  of  other  fruits, 
also,  alcohol  precipitates  pectous  substances  only  partly  soluble  in 
water  (Soubeiran).  See  also  other  experiments  of  the  same  kind  by  Soubeiran 
(iV.  J.  Pharm.  11,  418  and  12,  420). 

Chodnew  obtains  from  washed  roots  or  unripe  fruits,  by  boOing 
with  hydrochloric  acid,  not  pectin,  but  the  substance  which  he  calls 
pectous  acid  (p.  396),  afterwards  from  the  substances  thus  exhausted 
with  acids,  hyperpectic  acid  may  be  extracted  by  boiling  with  potash- 
ley  (not  with  ammonia).  He  regards  both  these  bodies,  pectous  acid 
(^28j£2iQ25^  aud  hyperpcctic  acid  C'^H^^O'^'',  as  existing  ready-formed  in 
the  fleshy  part  of  the  fruit  and  in  the  root,  and  as  capable  of  yielding 
pectic  acid,  when  these  substances  are  boiled  without  having  been 
previously  exhausted  with  acid,  according  to  the  equation  C^^H'^^0''* 
+  C^^H^^O^  =  2C28H2°02«.  But,  since  his  pectous  acid  is  converted 
into  pectic  acid  by  solution  in  potash-ley  and  precipitation  with 
acids,  a  change  which  appears  to  take  place  without  evolution  of 
hydrogen  or  absorption  of  oxygen,  the  two  acids  cannot  stand  to  one 
another  in  the  relation  indicated  by  the  formulae  above  given.  Pectous 
acid,  according  to  Chodnew,  occurs  in  turnips  in  combination  with  lime, 
and  may  be  extracted  by  boiling  water  after  the  lime  has  been  re- 
moved by  cold  hydrochloric  acid. 
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Preparation.  The  expressed  and  filtered  juice  of  very  ripe  pears  is 
treated  with  oxaHc  acid  to  precipitate  the  dissolved  lime,  and  with 
tannic  acid  to  precipitate  albumin,  and  the  filtrate  is  mixed  with  alcohol 
which  precipitates  pectin  in  long-  threads.  These  are  purified  by  wash- 
ing with  alcohol,  repeated  solution  in  cold  water,  and  precipitation  with 
alcohol,  till  neither  sugar  nor  an  organic  acid  can  be  detected  in  the 
solution  (Fremy).  Pure  pectin  leaves  no  residue  when  it  is  treated  with  excess  of 
baryta-water,  and  the  solution  filtered  from  the  pectate  of  baryta  is  evaporated  (Fremy.) 

Braconnot  boils  the  recently  expressed  juice  of  ripe  apples  for  a 
while  to  coagulate  the  albumin,  precipitates  the  filtrate  with  alcohol,  and 
purifies  it  by  repeated  solution  in  water  and  precipitation  with  alcohol. 

Guibourt  leaves  currant-juice  to  ferment  slightly  and  solidify  to  a 
jelly,  and  boils  the  jelly  with  alcohol.  The  product  thus  obtained  is 
probably  pectosic  acid  (Kr.). 

Poumarede  &  Figuier  leave  comminuted  gentian  roots  to  soften  in 
warm  water,  wash  them  thoroughly  with  water  and  very  dilute  acetic 
acid,  and  digest  the  roots  thus  prepared  with  very  dilute  acetic  acid  at 
80°- — 90°  for  half  or  three-quarters  of  an  hour,  and  precipitate  the 
solution  with  alcohol  of  36°.  The  precipitated  pectin,  purified  by 
pressure,  repeated  solution,  and  precipitation  and  washing  with  alcohol 
and  ether,  is  a  neutral,  light,  fibrous  substance  yielding  from  8  to  9 
p.  c.  ash  and  containing  at  120°,  on  the  average,  43*38  p.  c.  carbon, 
5'67  hydrogen,  and  50"95  oxygen ;  according  to  Poumarede  &  Figuier, 
it  is  isomeric  with  cellulose.  It  is  not  blackened  by  oil  of  vitriol,  it  is 
converted  into  pyroxylin  by  nitrosulphuric  acid,  and  it  reduces  ferric 
salts.  From  its  aqueous  solution  it  is  precipitated  by  concentrated 
aqueous  alkalis  and  by  many  salts.  After  its  aqueous  solution  has 
been  treated  with  very  dilute  potash,  it  is  not  precipitated  by  acids  as 
pectic  acid,  but  may  be  recovered  with  all  its  properties  by  addition 
of  alcohol.  The  transformation  of  pectin  into  pectic  acid  does  not 
take  place  till  the  mineral  substances  contained  in  the  former  have 
undergone  a  transformation  [of what  kind?  Kr.].— From  carrots  Pou- 
marede &  Figuier  obtain  a  pectin  [different  from  the  former  ?]  by  washing 
the  root-pulp  with  water  and  dilute  acetic  acid,  then  boiling  it  with 
dilute  carbonate  of  soda,  neutralising  with  hydrochloric  acid,  and  pre- 
cipitating with  alcohol.  This  pectin  likewise  dissolves  in  water,  and 
contains,  at  120°,  43'33  p.  c.  carbon,  5'66  hydrogen,  and  51*01  oxygen. 

Mulder  precipitates  the  expressed  and  filtered  juice  of  apples  with 
alcohol  and  boils  the  precipitate  with  alcohol  to  remove  sugar,  malic 
acid  and  tannin.  Such  pectin  from  sweet  apples,  after  deduction  of 
5*9  p.  c.  ash,  contains  44*59  p.  c.  carbon,  5*35  hydrogen  and  50*06 
oxygen;  from  sour  apples,  after  deduction  of  9*3  p.  c.  ash,  4523  C, 
5*47  H.,  and  49*30  0.  It  is  precipitated  on  agitating  its  aqueous  solu- 
tion with  hydrated  lead-oxide,  also  by  basic  acetate  of  lead.  The 
latter  precipitate  contains  56*62  p.  c.  lead-oxide,  and  after  deduction 
of  this,  45*00  p.  C.  C,  5*37  H.,  and  42*53  0.  (What  becomes  of  the 
ash?  Kr.). 

Chodnew  obtains  pectin :  a.  By  boiling  crushed  pears  with  water, 
precipitating  the  filtered  juice  with  alcohol,  and  washing  with  alcohol 
and  ether,  whereby  it  becomes  opaque,  and  acquires  the  texture  of 
woody  fibre,  yields  after  drying  at  115°,  8*63  p.  c.  ash,  and  after 
deduction  of  this,  46*04  p.  c.  C,  5*50  H.,  and  48*46  0.  This  pectin  is 
not  precipitated  by  chloride  of  barium,  but  it  is  precipitated  by  neutral 
acetate  of  lead  and  sulphate  of  copper,  and  therefore  agrees  with 
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Fremy's  parapectin  (p.  399).  —  h.  Or  he  obtains  it  by  boiling  the 
expressed  juice  of  bruised  apples,  precipitating  with  alcohol,  redis- 
solving  in  water,  mixing  the  solution  with  hydrochloric  acid,  and  pre- 
cipitating with  alcohol.  It  contains  1*6  p.  c.  ash,  and  after  deduction 
of  this,  43'75  p.  c.  C,  5*52  H.,  and  50*73  0.  This  pectin  resembles 
that  obtained  by  a,  but  has  a  slight  acid  reaction  and  sometimes 
reduces  an  alkaline  solution  of  cupric  oxide.  Its  lead-compounds  con- 
tain 23  and  33 '45  p.  c.  PbO.  Pectin  prepared  from  pears,  accord- 
ing to  h,  contains  1'23  p.  c.  ash  and  43*79  p.  c.  C,  5*84  H.  and 
50*37  0.     Chodnew  gives  the  formula  C^^H^^O^^. 

Chodnew's  pectous  acid  is  obtained  from  the  washed  pulp  of  turnips 
or  apples,  by  boiling  with  hydrochloric  acid  and  precipitating  with 
alcohol,  after  which  it  is  washed  with  alcohol  and  ether,  pressed  and 
dried  at  120°.  Non-friable  mass,  resembling  woody  jBbre,  slightly  acid, 
and  soluble  in  water  even  after  drying.  Contains  0*83  p.  c.  ash,  and  on 
the  average  43*16  p.  c.  C,  5*60  H.  and  51*24  0. ;  according  to  Chodnew 
__  C28jj2iQ26^  j^  jg  converted  into  pectic  acid  by  solution  in  potash- 
ley  and  precipitation  with  hydrochloric  acid,  precipitated  from  the 
aqueous  solution  as  a  jelly  by  excess  of  potash-ley  or  lime-water,  but 
not  by  chloride  of  potassium.  If  the  solution  has  been  previously 
mixed  with  ammonia,  chloride  of  potassium  throws  down  a  jelly 
soluble  in  hydrochloric  acid.  From  aqueous  pectous  acid,  neutral 
acetate  of  lead  precipitates  a  jelly  soluble  in  acetic  acid,  and  when 
dried  at  120°,  containing  34*02  p.  c.  C,  4*22  H.,  39*63  0.  and  5>2*13 
PbO.  (C^®IP°0'^,PbO,  according  to  Chodnew).  A  mixture  of  aqueous 
pectous  acid  and  nitrate  of  silver  becomes  viscid  after  a  while,  acquires 
a  faint  dark  red  colour,  becoming  dark  brown-red  after  addition  of  a 
little  ammonia  and  heating ;  alcohol  throws  down  from  the  same  solu- 
tion a  jelly,  which  becomes  reddish  at  100°,  and  contains  33*62  p.  c. 
C,  4*12  H.,  39*05  0.  and  23*21  AgO.  (C^sH^^O^AgO.,  according  to 
Chodnew).  Chodnew  thinks  it  probable  that  this  pectous  acid  is 
identical  with  pectin.      On  Chodnew's  Hyperpectic  acid,  see  Pectic  acid. 

Properties.  White  amorphous  mass,  obtained  by  evaporation  of  its 
aqueous  solution,  in  transparent  laminse  (Braconnot),  and  by  precipita- 
tion of  its  concentrated  solution,  in  threads,  from  its  dilute  solution,  in 
the  form  of  a  jelly.  Neutral.  Tasteless.  Destitute  of  rotatory  power. 
(Fremy.) 

Fremy. 
Calculation  according  to  Freray.  mean. 

64  C  384     40-67     39'92 

48  H 48     5-08     5-50 

64  O  512     54-25     54*58 

Q^Y^^SQU   944     ]  00-00     100-00 

After  deduction  of  about  1  p.  c.  ash.  —  Numbers  different  from  those  in  Fremy's 
analyses  were  obtained  by  Mulder,  Chodnew,  and  Poumar^de  &  Figuier,  who  have  also 
proposed  other  formulae  (see  above).  Gerhardt  {Compt.  chim.  1849,  62)  gave  the 
formula  C^^'^^O^ ,2\{0  ]  Berzelius  {Jahresber.  24,  373)  gave  C^'^Yi^^O'^ -,  Graelin 
(^24^18024^  If  these  formulae  were  adopted,  those  of  all  the  other  pectous  substances 
would  require  alteration.  Fremy's  formulae  for  the  whole  of  the  pectous  substances  are 
also  considered  doubtful  by  many  chemists. 

Decompositions.  When  pectin  (or  one  of  the  other  pectous  sub- 
stances) is  heated  to  200°,  carbonic  acid  and  water  are  evolved,  and 


PECTIN.  397 

black  pyropectic  acid  is  formed.  This  acid  contains  51-32  p.  c.  C, 
5*33  H.,  and  43*35  0.,  corresponding  to  the  formula  C^^H^O^  (calc. 
50-96  C.,5-46  H.  and  43-58  0) ;  it  is  insoluble  in  water,  but  dissolves  with 
brown  colour  in  aqueous  alkalis  (Fremy).  —  Pectin  when  hurnt,  smells 
like  burning  tartaric  acid  (Fremy).  —  Pectin  boiled  with  nitric  acid,  is 
very  easily  converted  into  saccharic  acid,  and  by  longer  boihng,  into 
mucic  acid  (Fremy).  It  does  not  become  coloured  with  nitric  acid, 
yielding  mucic  acid,  but  no  sugar.  (Chodnew).  The  solution  of 
pectin  in  strong  nitric  acid  deposits  pectic  acid  on  addition  of  water 
(Braconnot,  Ann.  Chim.  Phijs.  52,  294). 

Under  the  influence  of  water,  acids  or  alkalis,  pectin  suffers  trans- 
formations, taking  up  or  giving  off  water,  or  merely  suffering  molecular 
alteration,  and  producing  other  pectous  bodies,  those  which  are  first 
produced  frequently  undergoing  further  alteration  by  the  action  of  the 
reagent  employed.  Several  of  these  pectous  substances  may  be 
obtained  directly  from  pectose. 

The  substance  called  i^ectase,  which  occurs  together  with  pectose 
in  fruits  and  roots,  acts  on  pectin  as  a  ferment,  somewhat  in  the  same 

lanner  as  emulsin  and  diastase  act  on  other  bodies.     It  is  precipitated 
)y  alcohol  from  the  juice  of  carrots  and  turnips,  and  thereby  loses  its 

)lubihty  in  water.     Unripe  apples  and  other  fruits  contain  it  in  the 

isoluble  state.     It  is  rendered  inactive  by  putrefaction  or  by  prolonged 

)iling  with  water  (Fremy). 

}eneral  view  of  the  transformations  of  Pectin  and  the  mutual  relations  of 
Pectous  substances. 

1.  Pectose  heated  with  dilute  acids  is  converted  into  pectin,  which 
)y  longer  boiling  is  transformed  into  metapectic  acid. 

2.  By  boiling  with  milk  of  lime,  it  is  converted  into  metapectic  acid. 
Probably  pectic  acid  is  formed  in  the  first  instance. 

3.  Pectin,  when  its  aqueous  solution  is  left  to  itself,  changes  into 
metapectic  acid.  If  pectose  is  hkewise  present,  the  change  takes 
place  more  quickly,  pectosic,  pectic  and  metapectic  acid  being  succes- 
sively produced. — When  pectin  is  boiled  with  water,  parapectin  is 
produced. 

4.  Pectin  boiled  with  strong  acids,  is  converted  into  metapectic 
acid. 

5.  By  cold  dilute  aqueous  alkahs,  it  is  converted  into  pectosic  acid, 
which  quickly  undergoes  further  transformation  into  pectic  acid,  or  by 
boiling  with  strong  alkalis  into  metapectic  acid. 

6.  Parapectin  boiled  with  dilute  acids  is  converted  into  metapectin  ; 
aqueous  alkahs  convert  it  into  a  pectate. 

7.  Metapectin  is  converted  by  alkalis  into  salts  of  pectic  acid. 

8.  Pectosic  acid  is  converted  into  pectic  acid  by  boiling  with  water, 
either  pure  or  alkaline,  or  by  contact  with  pectase.  —  When  boiled 
with  aqueous  alkalis,  it  forms  metapectic  acid. 

9.  Pectic  acid  is  converted,  by  long  contact  with  water  in  the  cold, 
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more  quickly  at  the  boiling  heat,  into  parapectic  acid,  then  further 
into  metapectic  acid.  Boiling  with  acids  or  alkaUs  likewise  converts 
it  into  metapectic  acid. 

10.  Parapectic  acid  in  contact  with  water,  is  quickly  converted  into 
metapectic  acid. 

11.  Metapectic  acid  cannot  be  converted  into  any  other  substance 
of  the  pectin  group. 

Note  to  3.  A  recently  prepared  aqueous  solution  of  pectin  is  not 
precipitated  by  neutral  acetate  of  lead,  but  becomes  precipitable 
thereby  after  standing  for  several  days.  The  precipitate  at  first  pro- 
duced contains  15*67  p.  c.  lead-oxide  ;  if  the  same  pectin  be  boiled  or 
left  for  some  time  in  contact  with  water,  precipitates  are  formed  con- 
taining 16-54  and  24*6  p.  c,  and  finally,  after  very  long  boiling, 
49 '42  p.  c.  lead-oxide. 

When  aqueous  pectin  at  30°  is  mixed  with  pectase,  the  solution 
becomes  gelatinous  after  a  while,  from  separation  of  pectosic  acid. 
This  transformation  is  likewise  produced  by  insoluble  pectase  (vid.  sup.), 
and  takes  place  even  in  close  vessels  and  without  evolution  of  gas.  The 
juice  of  carrots  and  mangold- wurzel  brings  about  the  same  decompo- 
sition of  pectin-solution,  probably  because  it  contains  soluble  pectase ; 
on  the  other  hand,  the  juice  of  unripe  apples  and  other  unripe  fruits 
does  not  act  upon  pectin,  whereas  the  fleshy  part  of  fruits  containing 
insoluble  pectase  does  exert  an  action  upon  it.  By  further  alteration 
the  pectosic  acid  is  finally  converted  into  metapectic  acid,  unmixed 
with  any  other  product. 

The  jelly  into  which  the  juice  of  dried  fruits  solidifies,  dissolves 
for  the  most  part  in  boiling  water,  and  then  consists  of  pectin  and 
pectosic  acid,  formed  by  the  successive  transformation  of  the  pectose 
(under  the  influence  of  acids  and  pectase).  If  however  the  fruits 
are  rapidly  heated,  the  pectase  may  become  inactive  before  it  has 
effected  the  transformation  of  the  pectin.  Other  jellies  are  formed  by 
the  solution  of  pectic  acid  in  the  salts  of  organic  acids. 

Note  to  4.  No  sugar  is  formed  by  boiling  pectin  with  dilute  acids, 
even  for  several  hours  (Fremy).— Pectin,  boiled  with  a  smaU  quantity 
of  hydrochloric  or  dilute  sulphuric  acid,  becomes  rose-red,  and  on  adding 
alcohol  to  the  solution,  nothing  is  separated  but  a  few  flocks  which 
settle  down  on  standing.  The  solution  contains  sugar  and  a  soluble 
baryta-salt,  perhaps  of  malic  acid.  (Chodnew.) 

Note  to  5.  Even  the  smallest  quantity  of  fixed  alkali  converts 
pectin  into  pectic  acid,  and  larger  quantities  separate  a  basic  pectate. 
(Braconnot.)  Cold  aqueous  ammonia,  potash,  or  soda,  or  a  cold  solu- 
tion of  an  alkaline  carbonate,  first  produces  pectosic  acid.  (Fremy.) 
Pectin  boiled  with  the  carbonates  of  the  alkaline  earths,  decomposes 
them  and  forms  soluble  compounds,  from  which  the  pectin  may  be 
recovered.  With  excess  of  lime-water,  it  forms  insoluble  pectate  of 
lime,  no  organic  substance  passing  into  the  solution.  By  excess  of 
alkali  it  is  instantly  converted  into  pectic  acid,  which  may  be  precipi- 
tated by  acids,  but  when  thus  obtained  is  very  easily  transformed 
into  metapectic  acid.  (Fremy.)  If  a  cold  aqueous  solution  of  pectin 
(or  pectous  acid)  be  mixed  with  a  small  quantity  of  potash-ley,  acids 
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precipitate  from  it  a  jelly,  which,  after  washing  with  dilute^hydrochloric 
acid  and  alcohol,  and  drying  at  120°,  dissolves  readily  in  water,  and  is 
not  precipitated  by  acids,  and  therefore  does  not  consist  of  pectic  acid. 
This  jelly  yields  a  lead-salt  containing  23*2  p.  c.  lead-oxide.  (Chodnew.) 
—  A  boiling  aqueous  solution  of  pectin  mixed  with  excess  of  potash- 
ley,  frequently  gives  no  precipitate  with  acids,  because  the  pectic  acid 
formed  in  the  first  instance  has  been  already  converted  into  metapectic 
acid. 

Combinations.  Pectin  dissolves  readily  in  water.  The  solution  is 
gummy  and  very  viscid,  but  if  free  from  albuminous  substances,  does 
not  solidify  to  a  jelly.  (Fremy.) 

Pectin  unites  with  the  alkaline  earths  (p.  398).  —  It  is  precipitated 
from  its  aqueous  solution  by  basic  acetate  of  lead,  but  not  by  the  neutral 
acetate,  (tremy.)  The  lead-compound  formerly  described  by  Fremy  appears  to 
have  contained  parapectin. 

Alcohol  added  to  a  concentrated  aqueous  solution  of  pectin,  throws 
down  threads ;  from  a  dilute  solution  it  separates  a  transparent  jelly. 
(Fremy.)    Pectin  is  not  precipitated  by  tincture  of  galls.  (Braconnot.) 


Parapectin. 

Fremy.     N.  Ann.  Chim.  Phys.  24,  14. 

Soluble  in  water,  like  pectin  and  metapectin ;  distinguished  from 
the  former  by  being  precipitable  by  neutral  acetate  of  lead,  and  from 
the  latter  by  not  being  precipitated  by  chloride  of  barium  (pp.  399 
and  400). 

Aqueous  pectin,  when  boiled  for  several  hours,  loses  its  gummy 
consistence,  and  is  converted  into  parapectin,  which  is  precipitated  by 
alcohol  in  the  form  of  a  translucent  jelly.  It  then  still  retains  albu- 
minous substances,  which  are  precipitated  from  the  aqueous  solution 
by  addition  of  a  small  quantity  of  basic  acetate  of  lead. 

Amorphous,  neutral  substance  resembUng  pectin.  Tasteless.  Iso- 
meric with  pectin  at  100°,  but  gives  up  2  at.  water  when  heated  to 
140°. 

Fremy. 


64  C  

at  140°. 
384  ... 

41-48  ... 

.   4-97  ... 

53-55  ... 

a. 
....  41-51  . 

5-48  . 

....  53-01  . 

b. 
...  42'88  . 
...   5-68  . 
...  51-44  . 

e. 

..  43-77 

46  H  

62  O  

46  ... 

496  ... 

..   5-41 

..  50-82 

C64H46062... 

926  ... 

100-00  ... 

....  100-00  . 

...  100-00  . 

..  100-00 

a  is  parapectin  several  times  purified ;  b  and  c  are  less  pure; 

Parapectin  is  converted,  by  boiling  with  dilute  acids,  into  meta- 
pectin ;  by  aqueous  alkalis  into  a  salt  of  pectic  acid. 

Lead-compound.  —  Aqueous  parapectin  precipitates  neutral  acetate 


400 
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of  lead.  The  precipitate  obtained  on  one  occasion  contained  11*9  p.  c. 
PbO  (C64H46O62,HO,PbO  =  10-7  p.  c.)j  in  other  cases,  from  18-8  to  19*6  p.  c. 
or  more. 

Bibasic.  Fremy. 

64  C 384-0  33-41  33-06 

AQ  H     46-0  4-00  4-29 

62  0 496-0  43-16  43-45 

2  PbO     223-4  19-43  1920 

C64H46062  2PbO   1149-4     100-00     100-00 


Metapectin. 

C64JJ46062  9 

Fremy.     N.  Ann.  Chim.  Phys.  24,  17. 

Soluble  in  water,  like  pectin  and  parapectin ;  distinguished  from 
both  by  its  acid  properties  and  precipitabihty  by  chloride  of  barium 
(p.  400). 

Parapectin  is  quickly  converted  into  metapectin  by  boiling  with 
dilute  acids.  —  Uncrystallisable.  Has  an  acid  reaction.  Metapectin 
dried  at  100°,  gives  off  2  at.  water  at  140°. 


at  140°. 

64  C 384 

46  H 46 

62  O 496 


Fiemy. 

41-48     41-85 

4-97     5-58 

53-55     52-57 


C64H46062 926     100-00     10000 

By  alkalis,  it  is  converted  into  a  salt  of  pectic  acid.  —  It  dissolves 
in  water ;  if  the  solution  also  contains  hydrochloric,  sulphuric,  or  oxalic 
acid,  alcohol  throws  down  gelatinous  compounds  of  these  acids  with 
metapectin.  From  aqueous  metapectin,  chloride  of  barium  throws 
down  a  precipitate  containing  from  14  to  15  p.  c.  BaO  (C^H^^O^'*,  2BaO 
=  14-lp.c.  BaO). 


Lead-compound 

Fremy. 

64 

C     

384-0     . 

...     33-41     ... 

33-29                            ^ 

46 

H    

46-0     . 

...       400     ... 

....       4-43 

62 

O    

496-0     . 

...     43-16     ... 

....     41-98 

2 

PbO    

223-4     . 

...     19-43     ... 

20-30 

C64H46062,2PbO 

1149-4     . 

..  100-00     ... 

....  100-00 

Pectosic  Acid. 

.     ?  C^H^'O^^  or  C^H^«0^2. 

Fremy.     N,  Ann.  Chim.  Phys.  24,  22. 

Insoluble  in  cold  water,  like  pectic  acid,  but  distinguished  there- 
from by  its  solubility  in  boihng  water  (p.  397). 
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Obtained  as  the  first  product  of  the  action  of  pcctase  or  of  aqueous 
alkalis,  on  aqueous  pectin,  the  solutions  sohdifying- to  a  jelly  immediately 
or  after  addition  of  acids  ;  but  it  is  quickly  converted  into  pectic  acid 
l)y  the  further  action  of  the  same  agents,  or  by  boiling  with  water. 
It  has  an  acid  reaction. 


Fremy. 

32  C  

....  192     ... 

41-48     ... 

41-08 

23  H 

....     23     ... 

4-97     ... 

....       5-25 

31  0 

....  248     ... 

....     53-55     ... 

....     53-67 

C32H23021    ... 

....  463     ... 

....  100-00     ... 

....  100-00 

It  is  nearly  insoluble  in  cold  water,  quite  insoluble  in  water  con- 
taining hydrochloric  acid,  but  easily  soluble  in  boiling  water,  and  forms 
a  jelly  on  cooling.  The  gelatinous  amorphous  pectosates  are  easily 
converted  into  pectates  by  excess  of  base  ;  when  pure,  they  dissolve 
completely  in  warm  dilute  acid,  whereas  pectates  leave  a  residue  of 
pectic  acid. 

Pectosate  of  Baryta.  —  Precipitated  from  aqueous  pectin  by  a  quan- 
tity of  baryta- water  insufficient  for  complete  precipitation.  Contains, 
on  the  average,  24-4  p.  c.  baryta  (C32H2i029,2BaO  =  25-3  p.  c.  BaO). 

Pectosate  of  Lead.  Fremy. 

32  C  192-0  28-72  2882 

21  H 21-0  3-14  3-49 

29  0  232-0  34-72  34-94 

2  PbO 223-4  33-42  3275 

C32H2i029,2PbO 668-4     100-00     100-00 


Pectic  Acid. 

Q322J22()30^ 

Braconnot.     (1824).  Ann.  CMm.  Phys.  28,  173;  30,  96;  also  Schiv. 

44,  141;    45,   400;  iV^.  Tr.   11,    1,  56;  13,  1,  126;  Ann.  Pharm.  5 

21o.—Ann.  CMm.  Phys.  47,  266 ;  N.  Tr.  25,  2,  167. 
Regnault.     J.  Pharm.  24,  201 ;  J.  pr.  Chem.  14,  270. 
Mulder.     Pogg.  44,  432  ;  J.  pr.  Chem.  14,  277 ;  16,  246. 
Freihy.     J.  Pharm.  26,   368 ;    J.  pr.  Chem..  21,   1 ;   Ann.  Pharm  67, 

276. 
Fromberg.    Scheik.  Onderzoek.  2,  31 ;  /.  pr.  Chem.  32,  179 ;  Ann.  Pharm. 

48,  56. 
Chodnew.     Ann.  Pharm.  51.  360. 

Pectinsdure,  peciische  Satire,  Gallerts'dure,   Discovered  by  Braconnot,  first  analysed 
by  Regnault. 

Occurrence.  Although  pectic  acid  may  be  obtained  from  most 
plants,  if  not  from  all,  it  does  not  exist  in  them  ready-formed,  at  least 
not  always  (Braconnot),  but  is  produced  from  pectose  or  pectin  (Fremy). 
Chodnew  is  also  of  opinion  that  pectic  acid  does  not  exist  ready-formed 
in  plants,  although  he  cxplauis  its  formation  in  a  different  way 
(See  p.  394). 

VOL.    XV.  2   Iv 


403  APPENDIX  TO   THE   CARBO-HYDRATES. 

When  carrots,  bcot,  or  Swedish  turnips  arc  boiled  with  weak  acid, 
— in  order  to  convert  the  whole  of  the  pectose  into  pectin, — so  long  as 
pectin  remains  in  solution,  alkalis  extract  little  or  no  pectic  acid  from 
the  residue ;  old  roots,  however,  yield  a  larger  quantity  than  fresh 
roots.  The  greater  portion  of  the  pectic  acid  is  therefore  formed 
during  the  reaction ;  but  as  pectic  acid  when  boiled  with  acids  is  first 
altered  and  afterwards  dissolved,  the  experiment  is  not  decisive 
(Fremy).  In  another  place,  Fremy  states  that  fruits  and  roots  yield 
pectic  acid  to  alkalis,  even  after  exhaustion  with  acids. 

Formation.  (See  page  394.)  —  On  the  formation  of  pectic  or  parapectic  acid 
according  to  Schoonbrodt,  see  Sugar  (f.  252);  on  Sacc's  pectic  acid  from  wood,  sec 
page  413. 

Preparation.  1.  Well  washed  carrot-pulp  is  boiled  with  water 
shghtly  acidulated  with  hydrochloric  acid,  whereby  pectin  is  dissolved. 
This  pectin  is  converted  into  pectate  of  soda  by  boiling  with  the 
proper  quantity  of  carbonate  of  soda  (to  be  determined  by  trial) ;  the  solu- 
tion is  precipitated  with  hydrochloric  acid ;  and  the  separated  pectic 
acid  is  dried,  first  in  vacuo,  then  by  heat.  If  too  small  a  quantity  of 
carbonate  is  added,  pectosic  acid  may  be  formed  ;  if  too  much,  meta- 
pectic  acid  may  be  formed  (Fremy).  —  2.  The  pulp  of  peeled  turnips 
is  well  washed  with  water  and  pressed,  and  the  residue  is  boiled  for 
three  quarters  of  an  hour  with  water  to  which  J^-  of  carbonate  of  soda, 
or  a  small  quantity  of  hydrate  of  potash,  has  been  added.  The  liquid 
is  filtered,  the  solution  is  precipitated  with  chloride  of  calcium ;  and 
the  pectate  of  lime  is  decomposed  by  hydrochloric  acid  (Braconnot, 
Regnault ;  Simonin,  J.  Pharm.  20,  478  ;  Ann.  Pharm.  13,  641).  Reg- 
nault  dissolves  the  still  coloured  pectic  acid  in  aqueous  ammonia; 
decolorises  it  with  animal  charcoal  at  60°  to  80°  ;  precipitates  the  filtrate 
with  hydrochloric  acid ;  and  repeats  the  solution  in  ammonia  and  pre- 
cipitation with  acid,  in  order  to  remove  the  mineral  constituents.  — 
3.  The  pulp  of  carrots  or  celery  is  exhausted  by  washing  with  pure 
water,  boiling  with  water  containing  hydrochloric  acid,  and  again 
washing  with  pure  water ;  the  residue  is  boiled  with  very  dilute 
potash-ley,  and  the  solution  is  precipitated  with  hydrochloric  acid. 

(Braconnot).      Fremy  obtained  by  this  process  only  a  small  quantity  of  pectic  acid 

(vid.  sup.).  Chodnew  boils  turnips  after  trituration,  washing  and  press- 
ing, with  very  dilute  potash,  for  half  to  three-quarters  of  an  hour  ; 
strains ;  precipitates  the  still  turbid  solution  with  hydrochloric  acid ; 
washes  the  pectic  acid  several  times,  first  with  acidulated,  then  with 
pure  Water ;  presses  it  with  the  hand  after  each  washing,  and  redis- 
solves  it  in  ammonia,  whereby  an  easily  filtering  liquid  is  obtained, 
which,  after  filtration,  is  precipitated  with  hydrochloric  acid.  This 
precipitate  is  washed  as  above,  and  finally  with  alcohol. 

Pectic  acid  prepared  in  the  ordinary  way  (probably  according  to  methods 
2  and  3)  Contains  albuminous  substances  which  may  be  more  easily  pre- 
cipitated by  small  quantities  of  basic  acetate  of  lead,  after  prolonged 
boihng  of  the  solution  supersaturated  with  ammonia  (Fremy). 

Mulder  washes  comminuted  carrots,  turnips  or  sweet  apples  with 
water,  boils  the  residue  with  very  dilute  potash,  not  in  excess,  and 
precipitates  with  hydrochloric  acid.  After  purifying  the  pectic  acid 
by  boiling  with  alcohol,  he  finds  that  it  has,  both  in  the  free  state  and 
in  combination  with  acids,  the  same  composition  as  pectin,  containing 
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after  deduction  of  3  to  6  p.  c.  ash,  from  44-5  to  45  p.  c.  cai'bon,  and 
5-25  to  5-36  hydrogen.  The  baryta-salt  from  Sweet  apples  contams 
20-07  p.  c,  that  from  tm'nips  24*01  p.  c.  BaO ;  the  lime-salt  from  car- 
rots contains  9*72  p.  c.  CaO ;  the  lead-salt  from  carrots,  41*57  p.  c. 
PbO ;  the  cupric  salt  from  carrots  contains  18*47  per  cent.,  that  from 
apples  26*28  p.  c,  that  from  turnips  17*07  p.  c.  CuO.  This  pectic  acid 
immersed  in  dry  ammonia  gas  takes  up  3*43  p.  c.  ammonia,  which 
escapes  at  100°.  From  these  results  Mulder  regards  pectic  acid  as 
C^^IPO^",  and  as  identical  with  pectin  (see  page  393). 

Fromberg  prepares  his  pectic  acid  from  turnips,  which  he  com- 
minutes, washes  with  cold  water,  and  boils  with  very  dilute  carbonate 
of  soda.  After  precipitation  with  hydrochloric  acid,  washing,  and  dry- 
ing at  100°,  it  contains  7  p.  c.  ash  contahiing  carbonic  acid ;  his 
analyses  he  calculates,  agreeing-  with  Mulder,  at  44*58  p.  c.  carbon, 
5*17  hydrogen,  and  50*25  oxygen.  Ilis  lead-salt  contains  49*81 
p.  C.  PbO;  his  copper-salt  16*01  p.  C.  CuO.  On  the  decompositions 
with  alkalis,  page  404.  Both  Mulder  and  Fromberg  have  overlooked  the 
influence  which  the  large  amount  of  ash  must  have  on  the  proportion 
of  metal  in  the  salts  (Kr.). 

Chodnew's  ITi/perpectic  acid  is  obtained  from  turnip-pulp  exhausted 
with  hydrochloric  acid  (see  Pec^ows  acid^  p.  396),  by  boihng  with  dilute 
potash-ley  (not  with  ammonia),  and  is  precipitated  as  a  jelly  by  hydro- 
chloric acid.  It  contains  at  100°,  after  deduction  of  0*52  p.  c.  ash, 
41*46  p.  c.  carbon,  4*83  hydrogen,  and  53*71  oxygen,  and  is  distinguished 
from  pectic  acid  by  dissolving  in  aqueous  fixed  alkalis,  but  not  in 
ammonia. 

Properties.  Pectic  acid  in  the  moist  state,  is  a  transparent,  colour- 
less jelly,  which  dries  up  to  a  white  amorphous  mass.  Transparent, 
horny  mass,  difficult  to  pulverise  (Regnault).  Resembles  woody  fibre 
and  is  very  friable  (Chodnew).  Has  an  acid  taste  and  reaction 
(Braconnot,  Fremy). 

Regnault.  Chodnew.  Fremy. 

Calculation  according  to  Fremy.  at  140°.  at  120°.  at  120°. 

32  C    192     ....     42-29     42*69     42-22     41*40 

22  H    22     ....       4-84     4*71     524     4*77 

30  b    240     ....     52*87     52*60      52*54     53*83 

C32H--2O30 454     ....  10000     100*00     100*00     100*00 

All  the  analyses  are  given  as  mean  results,  Regnault  &  Chodnew  examined  pectic 
acid  prepared  from  turnips ;  Fremy  analysed  acid  from  various  sources.  Chodnew's 
acid  left  ^  p.  c.  ash,  which  is  deducted.  —  Respecting  Mulder's  and  Fromberg's  analyses, 
see  above.  Regnault  gave  the  formula  C"H70'",  both  for  pectic  acid  dried  at  140° 
and  for  that  contained  in  the  salts.  Chodnew  gives  the  formula  C-^YiPO-^,  which  agrees 
with  the  composition  of  many  of  the  pectates,  and  requires  42*42  p.  c.  carbon,  5*06 
hydrogen,  and  52-52  o.\ygen. 

Decompositions  (see  p.  397).  1.  Pectic  acid  becomes  coloured  at  120^" 
(Regnault);  black  at  150°  (Chodnew),  and  at  200°  gives  off  carbonic  acid 
and  water,  and  is  converted  into  parapectic  acid,  p.  410  (Fremy). — 
2.  Melts  when  heated,  swells  up,  burns  aivcn/  and  leaves  a  difficultly  com- 
bustible charcoal.  (Regnault.)  Burns  without  swelling  up.  (Chodnew.) 
—  3.  When  pectic  acid  is  boiled  with  water,  parapectic  acid  is  formed, 
likewise  when  insoluble  pectates  are  boiled  with  water.  (Fremy.)  When 

2  D  2 


404  APPENDIX  TO  THE   CARBO-HYDRATES. 

pectic  acid  is  left  in  contact  with  water  for  two  or  three  months,  it  dis- 
solves as  metapectic  acid,  which  is  likewise  produced  when  pectic  acid  is 
boiled  with  water  for  36  hours,  or  when  moist  pectic  acid  is  dried  by- 
heat.  Not  a  trace  of  sugar  is  formed,  even  after  boiling  with  water 
for  7  or  8  days,  and  the  solution  does  not  reduce  potassio-cupric  tar- 
trate unless  it  contains  para-  or  metapectic  acid.  (Fremy.)  See  below. 
When  moist  pectic  acid  is  washed  on  a  filter  with  boiling  water,  the 
filtrate  yields  with  neutral  acetate  of  lead,  a  precipitate  containing 
30-5  p.  c.  PbO  ;  after  boiling  the  residue  left  in  the  filter  for  two  hours, 
a  lead-salt  is  obtained,  containing  35*5  p.  c.  PbO  ;  and  after  one  hour's 
boiling,  a  precipitate  with  41*9  p.  c.  PbO.  The  organic  substance  of 
all  these  lead-salts  exhibits  the  composition  of  pectic  acid  (or  of  the 
isomeric  para-  or  metapectic  acid).    (Fremy.) 

4.  Pectic  acid  is  not  altered  by  cold  oil  of  vitriol^  but  is  quickly 
charred  by  that  liquid  when  heated.  (Braconnot,  Kegnault.)  —  By 
boiling  with  dilute  acids,  it  is  converted  into  metapectic  acid,  which  dis- 
solves. (Fremy.) 

It  is  not  altered  by  hot  very  dilute  hydrochloric  acid.  (Regnault.) 
—  Pectic  acid  prepared  from  turnips  does  not  dissolve  till  after  very 
long  boiling  with  dilute  acids  (more  quickly  with  concentrated  acidsj, 
and  the  solution  does  not  contain  metapectic  acid ;  that  which  is  pre- 
pared from  pectin  decomposes  much  more  quickly.  When  the  first- 
mentioned  pectic  acid  is  boiled  with  dilute  mineral  acids,  the  liquid 
soon  acquires  a  faint  red  colour,  reduces  copper-  and  silver-salts,  and  if 
sulphuric  acid  is  used,  gives  off  carbonic  and  formic  acids,  and,  finally, 
an  odour  of  caramel.  The  solution,  which  remains  colourless  if 
diluted  at  the  right  moment,  leaves  a  black  product  when  filtered,  and 
if  evaporated  after  the  sulphuric  acid  has  been  removed  by  carbonate 
of  baryta,  it  leaves  a  syrup  from  which  alcohol  precipitates  a  baryta- 
salt  soluble  in  water,  leaving  in  solution  a  sugar  (partly  converted 
into  caramel),  which  is  fermentable  and  capable  of  uniting  with  com- 
mon salt.  The  baryta-salt,  which  is  soluble  in  water,  appears  to 
contain  formic  acid,  and  an  acid  similar  to  malic  acid.  (Chodnew.)  — 
The  jelly  of  pippins  completely  freed  from  sugar  by  alcohol,  is  con- 
verted into  sugar  by  20  minutes'  boiling  with  oxalic  acid  (Couverchel, 
{Ann.  Chim.  Phys.  46,  181).  According  to  Fremy,  pectic  acid  is  trans- 
formed by  acids  in  the  same  manner  as  by  water,  therefore  without 
formation  of  sugar. 

5.  With  nitric  acid,  pectic  acid  yields  oxalic  acid  (Yauquelin)  and 
mucic  acid  (Braconnot).  Strong  nitric  acid  eliminates  carbonic  acid, 
and  forms  carbonic  and  mucic  acids  (Regnault).  Chodnew  obtained 
mucic  acid  from  pectin,  but  not  from  pectic  acid. 

6.  When  pectic  acid  is  heated  with  the  aqueous  solution  of  caustic 
alkalis  or  alkaline  carbonates,  metapectic  acid  is  formed.  (Fremy.) 
Pectin  and  pectic  acid  prepared  from  it  undergo  these  transforma- 
tions much  more  readily  than  ordinary  pectic  acid.  (Fremy,  Chodnew.) 
The  liquid  acquires  a  brown  colour,  but  is  not  found  to  contain  oxalic 
acid.  (Fremy.)  When  pectic  acid  (from  turnips)  has  been  boiled  for 
some  time  with  potash-ley,  the  solution  is  not  precipitated  by  acetic 
acid ;  but  hydrochloric  and  nitric  acids  soon  render  it  turbid,  and  n  * 
last  throw  down  flakes.  From  the  solution  neutralised  with  aceti 
acid,  alcohol  throws  down  a  jelly;  neutral  acetate  of  lead,  a  precipital> 


PECTIC  ACID.  405 

^vhich  exhibits  the  composition  of  pectate  of  lead  (27*08  p.  c.  carbon, 
0-16  hydrogen,  33*94  oxygen,  and  35*82  oxide  of  lead),  and  when 
decomposed  by  hydrosulphuric  acid,  yields  a  black  Hquid,  which  can- 
not be  separated  from  the  sulphide  of  lead,  and  when  mixed  with 
alcohol  solidifies  to  a  jelly  in  a  few  hours.  These  precipitates  are 
likewise  formed  on  adding  alcohol  and  neutral  acetate  of  lead  to  a 
solution  of  pectic  acid  which  has  been  boiled  for  three  or  four  days 
with  a  large  excess  of  potash,  whereas  aqueous  pectin,  after  once 
boiling  with  potash-ley,  is  no  longer  precipitated  by  acids.  (Chodnew.) 

See  the  properties  of  Fremy's  Metapectic  acid,  p.  411. 

Fromberg's  pectic  acid  (p.  403),  after  boiling  for  half  an  hour  with 
aqueous  carbonate  of  soda,  was  no  longer  precipitated  by  acetic  acid ; 
but  neutral  acetate  of  lead  produced  a  yellow-brown  precipitate,  which 
at  140°  contained  41*39  p.  c.  PbO,  and  after  deduction  of  this,  44*8  p.  c. 
carbon,  5*33  hydrogen,  and  49*87  oxygen.  Another  time  the  solution, 
after  an  hour's  b(jiling  with  carbonate  of  soda,  or  a  quarter  of  an 
hour's  boihng  with  caustic  soda,  still  yielded  a  precipitate  with  acetic 
acid ;  but  after  boiling  for  7  to  20  hours  with  carbonate  of  soda,  or 
digestion  for  24  hours  with  caustic  soda,  no  precipitate  was  obtained. 
The  latter  solutions,  after  neutralisation  with  acetic  acid,  were  like- 
wise precipitated  by  chloride  of  barium,  chloride  of  calcium,  sulphate 
of  copper,  and  neutral  acetate  of  lead ;  and  it  was  only  after  still 
longer  boiling  with  caustic  soda,  that  a  liquid  was  obtained,  which 
when  neutrahsed  with  acetic  acid,  was  not  precipitated  by  any  of  the 
above-mentioned  reagents  except  acetate  of  lead.  Hence  the  forma- 
tion of  metapectic  acid  is  preceded  by  that  of  an  acid  which  is  not 
precipitated  by  acetic  acid,  but  is  thrown  down  from  the  neutral 
solution  by  lime-  or  baryta-salts.  (Fromberg.)  In  this  case,  parapectic 
acid  might  be  formed,  or  the  non-occurrence  of  the  precipitates  might 
be  explained  by  the  solubility  of  pectic  acid  in  organic  acids.  (Kr.) 

When  moist  pectic  acid  is  heated  with  hydrate  of  potash,  the 
mixture  soon  becomes  fluid  and  brown,  but  loses  its  colour  as  soon  as 
all  the  water  is  expelled,  and  then  contains  carbonate  and  oxalate 
of  potash.  (Vauquelin,  Gay-Lussac.) 

On  the  behaviour  of  pectic  acid  under  the  influence  of  ferments,  according  to  Vau- 
quelin, see  page  358. 

Combinations.  Pectic  acid  separated  from  solutions,  in  which  state  it 
appears  as  a  colourless  jelly  having  an  agreeable  taste  (Vauquelin), 
must  be  regarded  as  a  hydrate.  It  is  insoluble  in  cold,  and  nearly 
insoluble  in  boiling  water.  The  dry  acid  immersed  in  boihng  water 
softens  and  swells  up  shghtly,  but  does  not  form  a  jelly.  (Regnault.) 
See  above  on  the  decomposition  of  pectic  acid  by  boiling  with  water. 

Older  statements,  perhaps  relating  topectosic  or  impure  pectic  acid.  The  solution  of 
])ectic  acid  in  boiling  water  deposits  a  jelly  on  cooling,  provided  it  has  not  been  altered 
by  continued  boiling.  (Vauquelin.)  The  anhydrous  acid  scarcely  swells  up  in  cold 
water,  and  dissolves  but  sparingly  in  boiling  water  ;  the  acid  obtained  as  a  jelly  by  pre- 
cipitation from  alkaline  solutions,  dissolves  more  abundantly  in  boiling  water  ;  the 
filtrate  is  almost  clear,  reddens  litmus  very  slightly,  and  is  converted  by  acids,  neutral 
salts,  sugar,  and  alcohol,  into  a  transparent  and  colourless  jelly,  probably  because  these 
substances  render  the  water  incapable  (Jf  holding  the  pectic  acid  in  solution.  Baryta- 
and  lime-water  produce  similar  jellies  by  forming  insoluble  salts.  (Braconnot,  Payen.) 
The  hot  aqueous  solution  does  not  redden  litmus.     (Guibourt.) 

With  Bases.  —  Pectic  acid  unites  with  bases,  forming  salts,  among 
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which  only  those  of  the  alkahs  are  soluble  in  water,  the  rest  being  inso- 
luble and  gelatinous.  The  jellies  precipitated  from  cold  solutions  are 
denser  than  those  obtained  from  hot  solutions  (Regnault).  At  a 
moderate  heat,  the  acid  expels  carbonic  acid  from  alkaline  carbonates. 
It  dissolves  easily  in  aqueous  alkalis,  even  after  drying.  The  solution 
is  not  precipitated  by  mercuric  chloride,  but  with  all  other  salts  it 
yields  gelatinous  precipitates,  which  dissolve  in  excess  of  alkali.  —  It 
is  difficult  to  obtain  the  salts  at  a  definite  degree  of  saturation,  because 
the  neutral  salts  formed  at  first  take  up  an  additional  quantity  of 
pectic  acid  (Regnault,  Fremy).  When  a  soluble  pectate  is  precipitated 
by  a  metallic  salt,  the  composition  of  the  precipitate  depends  upon 
that  of  the  soluble  salt,  and  varies  with  it  (Regnault).  The  jellies 
precipitated  by  metallic  salts  from  pectate  of  ammonia  and  pectate  of 
lime,  are  transparent  if  the  acid  was  pure.  They  obstinately  retain 
portions  of  the  precipitant,  which  cannot  be  removed  by  washing  on 
the  filter,  but  may  be  got  rid  of  by  pressing  the  jelly  with  the  hand, 
pouring  fresh  water  upon  it,  and  so  on,  whereby  the  salt  acquires  the 
consistence  of  woody  fibre,  and  becomes  friable  after  drying  (Chodnew). 
The  insoluble  salts  dry  up  to  very  hard,  difficultly  friable,  horny,  hy- 
groscopic masses.  They  take  fire  when  heated  in  contact  with  the 
air,  retain  water  obstinately,  so  that  they  cannot  be  dried  below  140" 
or  150°,  and  decompose  at  about  200°  (Regnault). 

Pectate  of  Ammonia.  —  The  solution  of  pectic  acid  in  excess  of 
aqueous  ammonia  slowly  turns  sour  on  boihng,  and  when  evaporated 
in  vacuo,  leaves  a  transparent  mass  whose  aqueous  solution  has  a 
slight  acid  reaction  (Regnault).  —  From  the  solution  of  pectic  acid  in 
aqueous  ammonia,  alcohol  precipitates  a  transparent,  colourless  jelly, 
which,  at  100°,  becomes  red-brown  and  not  friable,  and  dissolves  in 
water,  forming  an  acid,  coloured  liquid  (Chodnew).  The  acid  ammo- 
niacal  salt  which  remains  on  evaporation,  swells  up  in  water  and  dis- 
solves— assimilating  at  the  same  time  a  considerable  quantity  of  water 
— to  a  tasteless  liquid  which  reddens  htmus  (Braconnot).  Aqueous 
pectate  of  ammonia  yields  gelatinous  precipitates  with  chloride  of 
sodium,  acetate  of  potash,  and  other  neutral  salts,  also  with  alcohol 
and  sugar  (Braconnot ;  Simonin,  J.  Pharm,  20,  478.) 

Pectate  of  Potash.  —  When  pectic  acid  in  excess  is  digested  with 
potash-ley,  a  large  quantity  of  pectic  acid  is  taken  up,  and  a  solution 
formed  which  is  neutral  at  first,  but  afterwards  becomes  shghtly  acid. 
When  a  solution  of  pectic  acid  in  excess  of  potash-ley  is  mixed  with 
alcohol,  a  basic  jelly  is  precipitated,  from  which  potash  is  extracted  by 
washing  with  alcohol  (Regnault).  —  The  potash-salt  obtained  by  pre- 
cipitating pectic  acid  dissolved  in  excess  of  potash-ley  with  alcohol, 
and  washing  out  the  jelly  with  alcohol,  acquires,  at  120°,  the  character 
of  woody  fibre,  but  does  not  become  friable;  between  150°  and  160° 
it  gives  off  water,  turns  yellowish-brown,  and  then  dissolves  in  water 
to  a  clear  liquid,  which  smells  of  caramel  and  reduces  cupric  oxide 
(Chodnew).  —  Potash,  added  in  excess  to  a  solution  of  the  potash- 
salt,  throws  down  a  jelly,  which  recovers  its  solubility  in  water  after 
the  excess  of  potash  h-as  beeji  removed,  and,  according  to  Braconnot. 
is  a  basic  salt. 
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Chodnew. 

Calculation  according  to  Cliodnew.  at  120°.       at  150^ — 160°. 

28  C 168-0     ....     34-25     33-80     35-44 

20  H     20-0     ....       4-07     4-31     4-02 

26  0 208-0     ....     42-44     43-00     40-54 

2  KO 94-4     ....     19-24     18-89     20-00 

C-2SH2t'026,2KO....  490-4     ....  100-00     100-00     10000 

At  150°— 160°,  =  C28H180=^2K0  (calc.  35-56  p.  c.  C,  3-81  H.,  40-65  O., 
19-98  KO.)     (Chodnew.) 

Pectate  of  Soda. — Obtained  like  the  potash-salt,  which  it  resembles. 
Dissolves  in  water  after  drying  at  120°.  Neutral.  Swells  up  when 
heated  in  a  platinum  spoon.  Contains  13"73  p.  c.  soda,  corresponding 
to  the  formula  C2«H2°02«,2NaO  (calc.  13-54  NaO)  (Chodnew). 

Pectate  of  Baryta. — Aqueous  pectic  acid  forms  a  gelatinous  pre- 
cipitate with  baryta-water  (Braconnot).  —  When  aqueous  pectin  is 
immersed  in  a  large  excess  of  baryta- water,  in  a  vessel  from  which 
the  air  is  excluded,  pectosate  of  baryta  is  first  precipitated  and  sub- 
sequently converted,  by  the  excess  of  baryta,  into  pectate.  This, 
after  washing,  drying  in  vacuo,  and  then  at  120°,  contains  from  25*3 
to  26-8  p.  c.  baryta,  corresponding  to  the  formula  C32H2002«,2BaO  (calc. 
26-0  p.  c.  BaO)  (Fremy).— Obtained  hke  the  Hme-salt,  which  it  resembles. 
The  salt,  dried  betweer  150°  and  160°,  contains  2  at.  water  less  than 
that  dried  at  120°  (Chodnew). 

Chodnew. 

Calculation  according  to  Chodnew.  at  120°.     at  ISO''— 160°. 

28  C    168     ....     30-58     3050     31'57 

20  H    20     ....       3-64     3-69     329 

26  0    208     ....     37-90     3813     36-46 

2  BaO    153     ....     27-88     27-68     28-68 

C28H20O26,2BaO  ....  549     ....  100-00     100-00     lOOOO 

Calculation  for  the  salt  dried  between  150°  and  160°,  31-63  p.  c.  C,  3-38  H., 
36-15  O.,  and  28-84  Bad  =  C^ti}^0''"\2^^0 .     (Chodnew.) 

Pectate  of  Lime.  —  Lune- water  added  to  aqueous  pectic  acid,  and 
Hme-salts  added  to  pectate  of  ammonia,  throw  down  gelatinous  pre- 
cipitates. Pectate  of  ammonia  is  hkewise  decomposed  by  sulphate 
and  bicarbonate  of  hme,  but  not  by  the  neutral  carbonate.  From 
dilute  solutions  of  alkaline  pectates,  a  few  drops  of  Htne-water  throw 
down  gelatinous  masses  which  arc  insoluble  in  alkahs.  Pectate  of 
lime  does  not  dissolve  in  boiling  water  or  in  ammonia,  and  is  not 
decomposed  by  potash-ley ;  but  it  is  decomposed  by  hydrochloric  acid, 
with  separation  of  pectic  acid,  and  by  heated  carbonate  of  soda,  with 
separation  of  carbonate  of  lime  (Braconnot,  Ann.  Chim.  Phys.  44,  60; 
47,268). — The  transparent  and  colourless  jelly  precipitated  from 
neutral  pectate  of  ammonia  by  aqueous  chloride  of  calcium,  is  harder 
than  pectic  acid,  and  becomes  yellowish  after  being  pressed,  washed, 
and  dried  at  120°.  (Chodnew.) 
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Chodnew. 
Calculation  according  ^o^  Chodnew.  mean,  at  120°. 

28  C 168     37-08     36-77 

20  H 20     4-41     4-65 

26  0 208     45-94     46-16 

2  CaO ; 56     12-57     12-42 

C28H20O26,2CaO    ....  452     100-00     100-00 

Compare  Mulder's  analyses,  p.  403. 

Pectate  of  Lead.  —  When  an  aqueous  solution  of  neutral  acetate  of 
lead  is  poured  into  an  aqueous  solution  of  pectate  of  ammonia  having 
an  alkaline  reaction,  a  transparent  jelly  is  formed,  containing  48" 74 
p.  c.  oxide  of  lead  (Regnault).  The  precipitate  thrown  down  from 
neutral  pectate  of  ammonia  by  neutral  acetate  of  lead  contains  between 
32-7  and  35  p.  c.  lead-oxide  ;  from  an  ammoniacal  solution  of  the 
neutral  acetate,  soluble  pectates  throw  down  precipitates  containing 
as  much  as  60  p.  c.  PbO,  and  more  in  proportion  as  the  solution  is 
more  ammoniacal  (Fremy).  — From  cold  pectic  acid  (pectate  of  ammonia?), 
neutral  acetate  of  lead,  throws  down  neutral  pectate  of  lead  contain- 
ing 36*06  p.  C.  lead-oxide  (Chodnew's  formula  C28H20O26,2PbO  requires  36-13 
p.  c.  PbO);  from  the  hot  solution  a  basic  salt  is  obtained  in  the  form  of 
a  jelly  which  easily  separates  into  flocks,  and  when  dry  becomes  yeUow 
and  very  friable  (Chodnew). — By  boilmg  with  water,  it  is  converted 
into  parapectate  of  lead  (Fremy). 

Calculation  according  to  Fremy.  Fremy. 

32  C 192     29-09  28-51 

20  H 20     3-03  3-17 

28  0 224     33-94  3522 

2  PbO 224     33-94 3310 

C32H20O28,2PbO    ....  660     100-00     100-00 

Calculation  according  to  Chodnew.  Regnault.  Chodnew. 

28  C     168     ....     23-28  21-87     23-06  ' 

19  H    19     ....       2-63  2-26     2-55 

25  O    200     ....     27-72  27-13     28-07 

3  PbO    336     ....     46-37  48-74     46-32 


C28Hi9025,3PbO  ....  723     ,...  100-00     100-00     100-00 

Compare  Mulder's  analysis,  p.  403. 

Pectic  acid  protects  ferric  salts  from  precipitation  by  alkahs 
(H.  Rose). 

Pectate  of  Copper.  -^  Pectate  of  potash  forms  with  sulphate  of  cop- 
per a  bulky  coagulum,  the  liquid  not  retaining  a  trace  of  copper;  the 
greenish  precipitate  is  insoluble  in  boiling  water ;  gives  up  part  of  its 
acid  to  potash,  the  residual  salt  not  being  dissolved  thereby ;  and  is 
decomposed  by  nitric  but  not  by  acetic  acid  (Braconnot). 

A  solution  of  sulphate  of  copper  poured  into  aqueous  pectate  of 
ammonia,  throws  down  a  green  jelly  of  variable  composition,  which 
dries  up  to  a  yellow  mass  (Regnault).  Pectate  of  copper  is  eTcen  both 
before  and  after  drying  (Chodnew). 
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Chodnew. 
Calculation  according  to  Chodnew.  at  120°. 

28  C 168     35-34     35-09* 

20  H 20     4-19     4-21 

26  O 208     43-79     43-84 

2  CuO 80     16-68     1686 

C-"8H20O26,2CuO    476     100-00     10000 

For  Mulder's  and  Fromberg's  results,  see  page  403. 

The  precipitate  formed  by  sulphate  of  copper  iu  ammoniacal  pectate  of  ammonia, 
continues  to  redissolve  for  a  long  time,  till  finally  a  blue  ammoniacal  jelly  is  precipitated, 
probably  a  double  salt.     (Regnault.) 

Fectate  of  Silver.  —  Obtained  by  double  decomposition  of  pec- 
tate of  ammonia  Avith  nitrate  of  silver,  and  contains  an  amount  of 
oxide  of  silver  varying  with  the  constitution  of  the  pectate  of 
ammonia  used.  a.  When  nitrate  of  silver  is  poured  into  aqueous 
pectate  of  ammonia  which  has  been  boiled  as  long  as  ammonia  con- 
tinues to  escape,  a  precipitate  is  formed  containing  38-38  p.  c.  AgO.  — 
b.  When  aqueous  pectate  of  ammonia  is  poured  into  nitrate  of  silver, 
the  precipitate  contains  36*95  p.  c.  AgO.  — c.  When  pectate  of  ammonia 
is  prepared  by  evaporation  in  vacuo,  and  nitrate  of  silver  is  poured 
into  its  aqueous  solution,  the  precipitate  contains  40*39  and  41-02 
p.  c.  AgO.  —  d.  When  nitrate  of  silver  is  poured  into  pectate  of 
ammonia  containing  excess  of  ammonia,  the  resulting  precipitate  con- 
tinues for  a  long  time  to  redissolve,  and  when  it  no  longer  disappears 
on  stirring,  contains  38-48  and  36*68  p.  c.  AgO  (Regnault). 

Neutral  pectate  of  silver  is  obtained  by  precipitating  pectate  of 
ammonia  with  nitrate  of  silver ;  but  if  the  nitrate  of  silver  has  any 
free  acid  adhering  to  it,  the  precipitated  pectate  of  silver  is  mixed  with 
pectic  acid  and  therefore  exhibits  a  smaller  amount  of  silver-oxide 
(Chodnew). 

Calculation  according  to  Fremy.  Calculation  according  to  Chodnew. 


32  C  

192 

....     28-74 

28  C  

.  168     ....     26-75 

20  H 

20 

....       2-99 

20  H 

.     20     ....       3-18 

28  O  

224 

....     33-53 

26  O  

.  208     ....     33-15 

2  AgO 

232 

....     34-74 

2  AgO  .. 

.  232     ....     36-92 

C32H2oo28,2AgO....  668 

....  100-00 

C28H20O26,2AgO 

.  628     ....  100-00 

Regnault. 

Fremy. 

Chodnew. 

a. 

c. 

at  100°. 

C 

...     26-41     . 

...     25-29  an 

d  25-87     

.     27-07 

26-45 

H 

...       2-79     . 

...       2-74     „ 

2-80     

.       3-33 

3-10 

O 

...     32-42     . 

...     30-95     „ 

30-94     

.     32-81 

33-75 

AgO 

...     38-38     . 

...     41-02     „ 

40-39     

.     36-79 

36-70 

100-00     ., 

,..  100-00     „ 

100-00     

.  100-00 

100-00 

Fremy's  analysis  {J.  Pharm.  26,  379)  does  not  agree  with  his  later  formulae; 
moreover  he  does  not  quote  it  any  more.  The  calculation  is  deduced  from  his  formula 
of  pectic  acid  and  the  other  pectates. 

With  Salts. — Pectic  acid  di&solves  in  aqueous  solutions  of  the  neutral 
salts,  especially  the  ammonia-salts,  of  many  organic  acids.  When 
small  quantities  of  citrate  or  malate  of  ammonia,  or  other  similar 
salt,   is   added  to  water  in  which  pectic  acid  is  suspended,  an  acid 
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solution  is  produced  from  which  alcohol  throws  down  a  jelly* which 
dissolves  in  boiling  water,  and  separates  again  on  cooling.  This 
jelly  is  a  compound  of  pectic  acid  with  an  ammonia-salt ;  it  is 
decomposed  by  prolonged  boiling,  or  by  repeated  precipitation  with 
alcohol  and  re-solution  in  water,  and  is  thereby  rendered  partially 
insoluble  in  water.  Such  compounds  are  obtained  by  boiling  carrot-pulp  with, 
acids,  provided  the  pulp  has  not  been  previously  exhausted  vpith  acids, — and  may  be 
confounded  with  pectin  (Fremy).  Chodnew's  pectous  acid  (p.  396j,  might  therefore 
belong  to  this  place.     (Kr.) 

Pectic  acid  is  insoluble  in  alcohol  and  in  ether.  —  In  aqueous  organic 
acids  it  does  not  dissolve  more  freely  than  in  pure  water.  (Braconnot, 
Ann.  Chim.  Phys.  50,  382.) 


Parapectic  Acid, 

Fremy.     iV^.  Ann.  Chim.  Phys.  24,  34. 

Resembles  metapectic  acid  in  being  soluble  in  water,  but  is  distinguished  therefrom 
by  forming  a  precipitate  with  baryta -water.     See  page  398. 

When  pectic  acid  is  boiled  for  some  time  with  water,  it  dissolves  as 
parapectic  acid.  In  like  manner,  pectates  heated  for  several  hours  to 
150°  or  boiled  with  water,  are  converted  into  parapectates. 

Parapectic  acid  is  uncrystaUizable,  destitute  of  optical  rotatory 
power,  and  has  a  strong  acid  reaction.  When  heated,  it  behaves  like 
pectin;  when  dissolved  in  water,  it  is  quickly  converted  into  metapectic 
acid ;  when  boiled  with  potassio-cnpric  tartrate,  it  precipitates  cuprous 
oxide ;  and  it  is  not  fermentable.  —  It  forms  soluble  salts  with  the 
alkalis,  and  is  precipitated  therefrom  by  excess  of  baryta-ivater ;  from 
its  aqueous  solution  it  is  precipated  by  alcohol.  The  potash-salt  pre- 
cipitated from  its  aqueous  solution  by  alcohol  and  dried  at  150°,  contains 
23  p.  c.  potash  {C^m^^G^\'2KO  =  22'A  p.  c.  KG).  — The  lead-salt  is  obtained 
by  boiling  pectate  of  lead  suspended  in  water  for  several  hours,  or  by 
precipitating  aqueous  parapectic  acid  with  neutral  acetate  of  lead. 


24  C 

Lead-salt  at  150°. 
144-0 

26-16     ... 

2-72     ... 

30-54     ... 

40-58     ... 

Fremy. 
25-04 

15  H 

21  O 

2  PbO.... 

...     15-0     

...  168-0     

...  223-4     

2-68 

31-57 

...     40-71 

C24Hlo021^2PbO.... 

...  550-4     

100-00     ... 

100-00 

At  110°  it   contains  24-44  p.  c.   C,   and  2-92  H.;    therefore    2    at.  water  more. 
(Fremy.) 
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Metapectic  Acid. 

?  C^irO^  or  C^^H^^O^^. 

P'remy.  J.  Pharm.  26,  382  ;  Ann.  Pharm.  35,  322  ;  J.  pr.  Chem.  22,  1.  — 
N.  Ann.  Chim.  Pkys.  24,  36  ;  Ann.  Pharm.  67,  288 ;  J.  pr.  Chem. 
45,  412.  —  Compt.  rend.  48,  202 ;  N.  J.  Pharm.  35,  81  ;  abstr.  Rep. 
Chim.  pure,  1,  269.  —  Compt.  rend.  49,  561 ;  Rep.  Chim.  pure,  1,  602  ; 
Chem.  Centr.  1860,  4.  —  Kopp's  Jahresher.  1859,  530  and  540. 

Acide  celluiique.  —  Occurs  as  a  product  of  the  transformation  of 
pectose,  in  all  fluids  of  tlie  vegetable  organism  which  are  in  contact 
with  tissue  containing  pectose. 

Formation.  All  pectous  substances  may  be  converted  either  directly 
into  metapectic  acid,  or  into  products  which  yield  this  acid  after 
furtlier  treatment  (pp.  397,  398.) — When  lime  is  allowed  to  act  on  man- 
gold-wurzel  pulp  in  the  manufacture  of  sugar  on  the  large  scale, 
metapcctate  of  lime  may  be  formed,  which  then  accumulates  in  the 
molasses. 

Preparation.  Chopped  mangold- wurzel  is  washed  with  water  ;  the 
residue  is  boiled  for  an  hour  with  milk  of  Mme  and  pressed  ;  and  the 
liquid  is  evaporated  to  a  syrup  and  mixed  with  alcohol.  Metapectate 
of  lime  then  falls  to  the  bottom,  and  after  it  has  been  decomposed  by 
oxalate  of  ammonia,  the  filtered  solution  is  mixed  with  excess  of 
neutral  acetate  of  lead  to  precipitate  colouring  matter,  phosphoric  acid 
and  other  substances  ;  and  the  filtrate  is  supersaturated  with  ammonia, 
which  throws  down  metapectate  of  lead.  By  decomposing  this  salt 
under  water  with  hydrosulphuric  acid  and  evaporating  the  filtrate, 
aqueous  metapectic  acid  is  obtained. 

Properties.  Amorphous,  strongly  acid  mass,  destitute  of  rotatory 
power. 

Decompositions.  1.  When  heated,  it  behaves  like  pectin  (p.  396).  — 
2.  The  aqueous  solution  quickly  becomes  covered  with  mould,  and  is 
decomposed  by  prolonged  boiling,  with  formation  of  acetic  acid  and 
black  ulmic  acid. —3.  It  reduces  potassio-cupric  tartrate  at  the  boiling 
heat.  —  4.  It  reduces  aqueous  silver-  and  gold-salts. 

Metapectic  acid  is  deliquescent  and  dissolves  readily  in  water.  — 
The  metapectates  (excepting  the  basic  salts)  are  all  soluble  in  water. 
The  aqueous  acid  decomposes  carbonates  and  neutralises  strong  bases. 

Metapectate  of  Lead.  —  Aqueous  metapectic  acid  precipitates  basic 
acetate  of  lead,  but  not  the  neutral  acetate.  The  aqueous  solutions  of 
the  alkaline  metapectates  added  to  neutral  or  basic  acetate  of  lead  in 
excess  (of  the  lead  salt  ?)  throw  down  soluble  precipitates.  —  The 
precipitates  thrown  down  from  aqueous  metapectic  acid  by  basic 
acetate  of  lead  contain  from  67*5  to  68-8  p.  c.  (C8H'^0^2PbO  =  67-2  p.  c. 
PbO)  and  73*4  to  74-2  p.  c.  oxide  of  lead  (C«H»0^3PbO  =  75-4  p.  c. 
PbO)  ;  after  deduction  of  the  lead-oxide,  they  contain,  on  the  average 
43'51  p.  c.  C,  4-58  H.,  and  51*91  0.,  corresponding  to  the  formula 
C«H'0',  (calc.  44-08  p.  C.  C,  4-58  H.,  and  51-34  0).  Fremy  formerly 
analysed  lead-salts  containing  smaller  quantities  of  lead-oxide  (40-9  and  46-73  p.  c). 
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Jelly  from  Yellow  Pods. 

V.  Orth.     Wien.  ATcad.Ber,  13,  512  ;  J.  pr.  Chem.  64,  10. 
L.  Mayer.     Wien.  Akad.  Ber.  20,  529  ;  J.  pr.  Chem.  69,  215. 

Occurs  in  the  fruit  of  Gardenia  grandifiora.  —  The  yellow  pods, 
after  being  exhausted  with  alcohol  of  40°,  are  boiled  with  water  ;  the 
filtrate,  after  addition  of  hydrochloric  acid,  is  precipitated  with  alcohol ; 
and  the  solution  in  water  acidulated  with  hydrochloric  acid,  and  pre- 
cipitation with  alcohol,  are  repeated  as  long  as  the  precipitate  appears 
coloured. 

V.  Orth. 
Calculation  according  to  v.  Orth.  at  100°. 

.32  C 192     42-10     42-04 

24  H 24     5-26     5-36 

30  0 240     52-64     52-60 

Qy2]:l24Q'3)i  456     100-00     100-00 

Mayer. 
Calculation  according  to  Mayer.  mean. 

64  C 384     41-07     40-90 

47  H 47     503     5-33 

63  0 504     53-90     53-77 


C64H47063 935     100-00     100-00 

After  deduction  of  1-8  and  0*79  p.  c.  ash.  —  It  may  perhaps  be  isomeric  or 
identical  with  parapectin  (p.  399).     Kr. 

When  heated  with  hydrochloric  acidj  it  behaves  in  the  same  manner 
as  jelly  from  Syringa. 

Jelly  from  Syringa. 

V.  Payr.     Wien.  Akad.  Ber.  20,  527 ;  /.  pr,  Chem.  69,  213. 

Occurs  in  the  fruit  oi  Syringa  vulyaris.— The  fruits  separated  from  the 
stalks  are  boiled  for  a  few  minutes  with  water,  and  the  liquid,  after  being 
strained,  is  precipitated  with  neutral  acetate  of  lead.  The  dirty  brown 
precipitate,  diffused  in  water  after  washing,  dissolves  partially  on 
addition  of  acetic  acid.  On  decomposing  the  undissolved  part  under 
water  with  hydrosulphuric  acid,  separating  the  sulphide  of  lead,  con- 
centrating the  filtrate,  decolorising  with  animal  charcoal,  adding  hydro- 
chloric acid  and  precipitating  with  alcohol,  a  transparent  jelly  is 
obtained  which  may  be  decolorised  by  repeated  solution  in  water  con- 
taining hydrochloric  acid,  and  precipitation  with  alcohol. 

V.  Payr. 
Calculation  according  to  v.  Payr.  mean. 

64  C  384     41-47     41-4 

46  H A&     4-97     5-2 

62  0 496     53-56     53-4 

Cf.^H-»«o62  926     100-00     1000 

After  deduction  at  2-8  p.  c.  ash,  —  Isomeric  with  parapectin  (p.  299). 
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The  aqueous  solution  heated  to  100°  for  several  hours  with  hydro- 
chloric  acid,  deposits  on  cooling  a  white  powder  which  at  100°  contains 
39-81  p.  c.  carbon,  5*24  hydrogen,  and  54*95  oxygen,  corresponding 
therefore  to  the  formula  C"H=°0««  (calc.  39*92  p.  c.  C,  5*20  H.  and 
54*88  0),  and  is  formed  by  assumption  of  4  at.  water,     (v.  Payr.) 


Sacc's  Pectic  Acid  from  Wood. 

Sacc.     JSf.  Ann.   Chim.  Phys.   25,  218  ;  J.  pr.   Chem.  46,  430 ;  abstr. 

Pharm.  Centr.  1849,  235 ;  Chem,  Gaz.  1849,  274. 
Porter.    Ann.  Pharm.  1\,  115;  abstr.  Pharm.  Centr.  1849,  777;  Chem. 

Gaz.  1849,  469. 

The  substance  produced  by  boihng  wood  with  nitric  acid  (from  the 
incrusting  matter,  p.  124,  according  to  Sacc),  consists,  according  to 
Sacc,  of  pectic  acid ;  according  to  Porter,  it  is  a  different  body. 

Sacc  boils  deal-shavings  for  some  hours  with  2  pts.  water  and 
10  pts.  commercial  nitric  acid,  whereupon  reddish  vapours  are  at  first 
abundantly  evolved,  and  the  wood  is  converted  into  a  white  doughy 
mass.  This  he  washes  with  water  to  remove  all  the  acid,  then  collects 
it  on  linen,  and  dries  it  over  the  water-bath. — Porter  further  treats  the 
mass  thus  obtained  with  dilute  aqueous  ammonia,  which  leaves  a  por- 
tion undissolved  and  precipitates  the  filtrate  with  hj^drochloric 
acid. 

Light  grey  (Sacc),  or  reddish  grey  (Porter),  easily  friable  mass. 

Calculation  according  to  Porter.  Sacc.  Porter. 

mean. 

16  C 96     ....     43-63     40*83  to     42*86     43*39 

12  H 12     ....       5*45     5*86  „        5*94     5*86 

14  O 112     ....     50*92     53-31   „      51-20     50*75 

C16H1201-J  ....  220     ....  100-00     100-00        100*00     100-00 

After  deduction  of  ^  to  |  p.  c.  ash.  Sacc  gives  the  formula  C^^H^^qis  ^vhich  he 
regards  as  that  of  pectic  acid. 

Decompositions.  1.  Y^hen  heated,  it  chars  quickly  without  detonation, 
emitting  an  odour  of  caramel  and  leaving  charcoal  (Sacc).  —  2.  By 
boiling  with  moderately  dilute  nitric  acid,  it  is  converted  into  oxalic 
acid,  without  formation  of  mucic  acid.  — 3.  With  oil  of  vitriol,  it  chars 
and  gives  off  an  odour  of  caramel  (Porter).  —  4.  Hydrochloric  acid  at 
the  boiling  heat  colours  it  red.  After  boiling  for  some  time  with  aqueous 
alkalis,  it  is  no  longer  precipitable  by  acids  (Porter). 

It  does  not  dissolve  in  water  either  cold  or  boiling.  —  When  newly 
prepared  and  moist,  it  dissolves  easily  in  water  containing  ammonia, 
and  is  precipitated  therefrom  by  weak  acids,  as  a  stiff,  colourless, 
transparent  jelly.  After  drying,  it  is  insoluble  in  aqueous  ammonia 
(Sacc).  It  dissolves  with  difficulty  in  aqueous  alkalis,  and  is  thrown 
down  by  acids  from  concentrated  solutions  as  a  white  light  powder ; 
from  more  dilute  solutions,  as  a  transparent  precipitate,  which  quickly 
imitcs  in  wliite  flocks.     Alcohol  and  metalHc  salts  likewise  precipitate 
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the  alkaline  solution.     The  last  formed  precipiiates  have  the  aspect  of 
pectates  (Porter). 


Glucosides  or  Conjugated  Compounds  of  the  Sacchardial  Suhsfances. 

Chitin. 

Odier  (1823).      Mem.    Soc.    d'hist  natw.    de   Pms,    1,   29 ;   N.    Tr. 

8,  1,  233 ;  Mag.  Fharm.  5,  301  ;  J.  Pharm.  9,  379 ;  Be?^^.  J'ahresbei: 

4,  247. 
Lassaigne.    Compt.  rend.  16,  1087:  /.  Chim.med.  19,379;  J.  pti'-  Chem. 

29,  323 ;  Berz.  Jahresher.  24,  699. 
Payen.     Compt.  rend.  17,  227;  Berz.  Jahresher.  24,  700. 
K.  Schmidt.     Ann.  Pharm.  54,  298. 
ScHLOSSBERGER.      Ann.    Pharm.    98,   99  ;  N.    Jahrh.    Pharm.   5,   297 ; 

abstr.  J.pr.  Chem.  Q,^,  162  ;   Chem.  Centr.  1856,  487. 
Berthelot.     Compt.  rend.  47,  227  ;  /.  7^?'.  Chim.  76,  371 ;   Chem.  Cenir. 

1856,   676;  Pep.  Chim.  pure  1,  69;  in  detail:  N.  Ann.  Chim.  Phys. 

56,  149. 
Peligot.      Compt.  rend.  47,  1034 ;  N.  Ann.   Chim.  Phys.  58,  83 ;  Pep. 

Chim.  pure,  1,  234  ;  Chem.  Centr.  1859,  709  ;  Zeitschr.  Pharm.  3,  241. 
Stadeler.     Ann.  Pharm.  Ill,  21  ;   Chem.  Centr.  1859*,  708. 

Endomaderm  (Lassaigne).  —  Discovered  and  distinguished  from  horn- substance  by 
Odier,  in  1821;  recognised  as  a  nitrogenous  compound  by  Lassaigne;  first  more 
completely  investigated  by  K.  Schmidt.  Fremy's  non-azotised  chitin  is  essentially 
distinguished  from  that  of  all  other  chemists  by  the  absence  of  nitrogen.  Peligot's 
chitin  appears  (according  to  Stadeler)  to  have  contained  cellulose  derived  from  remains 
of  leaves.  — Peligot  regards  chitin  in  general  as  a  compound  of  cellulose  with  protein - 
substances. 

Occurrence.  Chitin  forms  the  chief  constituent  of  the  envelopes, 
scales  and  hairs  of  articulated  animals,  also  of  the  lining  membranes  of 
the  trachea  and  intestines  {Handb.  viii,  Zoochem.  462).  Many  tissues 
designated  by  histologists  as  chitin,  agree  with  that  substance  only  in 
their  behaviour  witli  potash-ley  and  acetic  acid,  and  have  not  been 
shown  to  be  identical  with  it.  Thus  the  byssus  of  acephal^e  contains, 
not  chitin  as  supposed  by  Leuckart  ( IF/e/'/m.  Arch.  1852,  25),  but  a  sub- 
stance richer  in  nitrogen  (see  Conchiolin) ;  muscle-shells  contain,  not 
chitin  [contrary  to  the  statement  of  Kuss  {Dissertation  ilher  Structur  und 
Zusammensetzung  dei'  Muschelschalen,  1853)],  but  conchiolin  (Schloss- 
berger). 

Preparation.  The  tissues  intended  for  the  preparation  (carapaces 
of  the  crab,  wing-cases  of  the  cockchafer,  and  similar  material)  are 
deprived,  by  successive  treatment  with  water,  alcohol,  dilute  acids, 
potash-ley  and  ether,  of  all  matters  soluble  in  these  liquids,  and  the 
residue  is  then  washed  and  dried.  If  tissues  are  used  likewise  containing 
tunicin  or  cellulose,  or  if  entire  animals  having  remains  of  leaves  in  their  intestines,  are 
subjected  to  the  same  treatment,  the  chitin  will  be  contaminated  with  these  substances. 

When  chitin  thus  prepared  is  boiled  for  12  hours  or  longer  with  a  mix- 
ture of  1  vol.  oil  of  vitriol  and  4  vol.  water,  part  of  it  is  converted  into 
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soluble  products  ;  but  the  residue,  which  swells  up  to  a  pasty  mass,  is 
perfectly  pure  chitin  (free  from  ash)  which  may  be  washed  by  decan- 
tation,  so  long-  as  it  contains  free  acid,  but  as  soon  as  all  the  acid  is 
removed,  remains  partly  suspended  in  the  liquid,  and  can  only  be 
recovered  by  evaporating  the  water  (Stadeler). 

If  the  skin  of  silk- worms  be  treated  successively  with  potash -ley, 
alcohol,  ether,  and  acetic  acid,  the  residual  chitin  contains  48-13  p.  c.  C, 
8-30  N.,  6-90  H.,  and  36-67  0. ;  after  further  treatment  with  perman- 
ganate of  potash,  47-38  p.  c.  C,  6-15  N.,  7*02  H.,  and  39-45  0.  When 
silk- worms  are  boiled  with  strong  potash-ley,  which  disintegi-ates  or 
dissolves  their  several  organs  as  well  as  the  remains  of  leaves  in  their 
intestines,  then  with  dilute  sulphuric  acid,  and  the  skins,  which 
remain  as  translucent  bags  open  at  both  ends,  are  washed,  dried  and 
treated  with  sulphuric  acid  containing  6  at.  water,  they  lose  44  p.  c. 
of  their  weight,  but  *  the  residue  still  contains  5-8  p.  c.  nitrogen.  If 
they  are  then  treated  for  several  hours  with  hot,  or  for  some  days  with 
cold  concentrated  aqueous  permanganate  of  potash,  then  with  bisulphite 
or  i3otash,  and  finally  with  water,  there  remains  a  white,  inter- 
laced mass  which  does  not  give  off  ammonia  when  boiled  with  potash. 
This  mass,  however,  if  made  up  into  a  paste  with  hydrate  of  potash 
and  water,  and  heated  to  100°  for  eight  days,  dissolves  with  evolution 
of  ammonia,  and  forms  a  soap,  from  which,  after  filtration,  acids  separate 
fatty  acids ;  but  even  after  two-thirds  of  the  whole  has  been  decom- 
posed, the  rest  of  the  chitin  still  contains  6*2  p.  c.  nitrogen,  and  con- 
tinues to  evolve  ammonia.  When  this  chitin,  after  being  softened  in 
water,  is  treated  with  oil  of  vitriol  and  iodine,  it  exhibits  under  the 
microscope,  numerous  brown  integuments  and  isolated  irregular 
particles  which  are  coloured  blue.  The  latter  colouring  becomes  more 
plainly  visible,  if  the  skin  is  left  for  some  days  in  the  iodine-solution 
and  then  moistened  with  oil  of  vitriol,  whereupon  pieces  of  membrane 
make  their  appearance,  greenish  at  first,  but  changing-  to  indigo-blue 
as  the  iodine  evaporates.  From  this  chitin,  aqueous  cuprammonia 
extracts  cellulose  which  is  precipitated  from  the  solution  by  acids. 
The  horny  substance  of  the  lobster  hkewise  exhibits  the  reaction  of 
cellulose  (p.  137)  with  oil  of  vitriol  and  iodine.  (Peligot.)  This  chitin 
is  rightly  regarded  by  Stadeler  as  impure  ;  from  pure  chitin  he  was 
unable  to  extract  anything  by  cuprammonia. 

Fremy's  Chitin.  —  When  tlie  skeletons  of  Crustacea  are  treated  with 
cold  dilute  hydrochloric  acid,  the  undissolved  residue  is  boiled  for  several 
hours  with  potash-ley  and  again  washed  witli  water,  alcohol  and  ether, 
a  transparent  horny  substance  is  obtained,  containing  on  the  average 
43-35  p.  c.  C,  6-65  H.,  and  50-00  0.,  but  no  nitrogen,  and  therefore 
isomeric  with  cellulose  (C^'^Il^^O^").  This  substance  is  not  altered  by 
dilute  acids  or  alkahs,  and  not  converted  either  into  sugar  by  the  former, 
or  into  pyroxylin  by  fuming  nitric  acid,  which  indeed  has  no  action 
on  it  whatever.  By  concentrated  acids,  it  is  disintegrated,  dissolved, 
and  converted  into  an  acid  comparable  with  metapectic  acid  (p.  411) ; 
by  boihng  nitric  acid  it  is  converted  into  oxalic  acid  (Fremy,  N.  Ann, 
Chim.  Phys.  43,  93). 

Properties.  White  amorphous  mass,  which,  when  examined  with 
the  microscope,  often  exhibits  the  structure  of  the  tissues  from  which 
it  has  been  prepared.  —  Chitin  which  has  been  boiled  for  a  long  time 
with  dilute  sulphuric  acid,  and  separated  by  evaporating  the  water  in 


416  GLUCOSIDES  WITH  G  AT.  CARBON  IN  THE  COPULA. 

which  it   was    suspended,   forms   hard,   transparent   or  translucent, 
coherent  films,  which  are  extremely  difficult  to  comminute  (Stadeler). 
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Schmidt's  chitin  mostly  contained  ash  to  the  amount  of  2  per  cent.  —  Payen  found 
8-99  p.  c.  nitrogen,  Schlossberger  0-4  p.  c.  See  the  analysis  by  Children  &  Daniell 
{Handb.  viii,  Zoochem.  470).  Respecting  Peligot's  analysis  and  Fremy's  chitin 
(p.  415).  —  Schmidt  gave  the  formula  C^'NH''*0" ;  Stadeler  that  which  is  here  adopted. 
—  Free  from  sulphur  and  phosphorus.     (Schmidt.) 

Decompositions,     1.    Chitin  chars  when  heated,  but  neither  melts  nor 
changes  ia  form,   and   does   not   yield   any  carbonate  of   ammonia. 
(Odier.)      By  destructive  distillation,  water,  acetic   acid,   acetate   of 
ammonia  and  a  small  quantity  of  empyreumatic  oil  are  obtained,  while 
charcoal  is  left  retaining  the  original  form  of  the  chitin.     (Schmidt.)  — 
2.  Chitin  which  had  been  kept  under  ivater  for  a  year,  was  partly  dis- 
solved and  partly  chang-ed  into  a  slimy  mass.      (Schlossberger.)     The 
skin  of  silk- worms,  where  freed  by  means  of  water  and  alcohol  from 
all  adhering  substances,  is  not  perceptibly  altered  by  long  boihng  with 
water ;  the  water  takes  up,  however,  a  small  quantity  of  a  nitrogenous 
substance  which,  when  the  solution  has  been  evaporated  to  a  small 
bulk,  is  precipitable  by  tannic  acid,  chlorine,  or  alcohol.  It  thus  appears 
that  gelatin  is  hereby  formed  from  the  skins.     (Lassaigne.)     Chitin, 
heated  to  280°  with  water  in  a  sealed  tube,  becomes  brown  and  brittle, 
but  is  not  dissolved  or  otherwise  altered.    (Schmidt.)  —  3.  Chitin  dis- 
solves in  warm  oil  of  vitriol.    (Odier.)    Oil  of  vitriol  with  l^  at.  water 
disintegrates   and  immediately  dissolves  it ;  oil  of  vitriol  with  3  at. 
water  disintegrates  it  after  some  hours.     (Payen.)    When  immersed 
in  oil  of  vitriol,  it  becomes  transparent,  melts  at  the  edges,  and  is 
completely  dissolved  after  a  quarter  of  an  hour.     (Schlossberger.)     It 
swells  up  in  oil  of  vitriol  and  dissolves  without  coloration ;  the  solution 
becomes  coloured  on  standing,  and  after  48  hours  it  is  black,   has 
deposited  a  small  quantity  of  insoluble  matter,  has  a  choking  smell,  and 
contains  acetic  acid  and  an   ammonia-salt.     (Schmidt.)     The  colour- 
less solution  of  chitin  in  cold  oil  of  vitriol  is  not  precipitated  by  water 
after  a  few  hours  ;  but  on  neutralising  it  with  carbonate  of  baryta,  a 
soluble  baryta-salt  is  obtained,  while  the  solution  immediately  reduces 
potassio-cupric  tartrate.   (Stadeler.) —  When  chitin  is  diffused  in  oil  of 
vitriol  and  the  solution  dropped  into  100  times  its  own  weight  of  water, 
then  boiled  for  an  hour  and  afterwards  neutralised  with  chalk,  sugar  is 
obtained  on  evaporation.    On  the  kind  of  sugar  see  p.  342.     (Berthelot.) 
When  chitin  is  boiled  with  moderately  dilute  sulphuric  acid,  as  described 
at  page  415,  the  undissolved  and  undecomposed  portion  being  removed, 
the  acid  solution  evolves  ammonia  when  supersaturated  with  lime,  and, 
after  evaporation  of  the  filtrate  to  a  syrup,  amorphous  sugar  remains 
which  easily  reduces  cupric  tartrate.     No  tyrosine,  leucine  or  glycocol 
accompanies   the   sugar,   but    it    contains    a    small    quantity  'of  an 
amorphous  substance.      (Stadeler.)      See   Stadeler 's   equation  for  this  decom- 
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position,  p.  342).  —  4.  Chitin  dissolves  in  concentrated  hydrochloric  acid 
without  change  of  colour.  (Schmidt.)  The  skins  of  insects  when 
immersed  in  hydrochloric  acid  containing  6  at.  water,  become  trans- 
parent, are  disintegrated,  and,  after  a  few  minutes,  dissolved.  After 
neutralisation  of  the  solution  by  alkalis,  tannic  acid  throws  down  a 
precipitate  containing  nitrogen.  (Payen.)  —  Chitin  may  be  bleached 
by  chloride  of  potash  or  of  soda.  (Lassaigne.)  A  cold,  saturated  aqueous 
soluticon  of  chloride  of  lime  quickly  destroys  the^skins  of  insects  (Payen), 

5.  Chitin  is  coloured  orange-yellow  by  solution  of  iodine  (dark 
brown-red  by  iodine-water :  Stddeler) ;  addition  of  oil  of  vitriol 
occasions  disintegration,  but  neither  violet  nor  blue  coloration.  (Payen. 

—  See  the  statements  of  Peligot,  p.  415,  and  those  of  Rouget,  below.)  —  6.  Chitin 
is  not  coloured  by  nitric  acid,  but  quickly  dissolved.  (Odier, 
Lassaigne.)  It  dissolves  in  concentrated  nitric  acid  without  change  of 
colour  (Schmidt),  in  an  equal  quantity  of  cold  nitric  acid  with  4  at. 
water.  (Payen.)  —  Crabs'  claws  immersed  in  nitric  acid,  become 
transparent  after  a  few  moments  ;  if  the  acid  is  drained  off,  the  mem- 
brane retains  at  first  its  original  form,  but  afterwards  deliquesces  to  a 
colourless  hquid,  beginnmg  at  the  edges.  (Payen.)  —  7.  Chitin  is  not 
altered  by  ebulhtion  with  j^otash-lei/  (Odier),  or  when  heated  with  a  solu- 
tion of  1  pt.  potash-hydrate  in  3  pts.  water.  (Lassaigne.)  It  remains 
unchanged  when  heated  for  days  with  very  concentrated  solution  of 
potash,  and  when  heated  with  potash-ley  to  210°  in  a  sealed  tube,  it 
behaves  as  when  it  is  heated  with  water.  (Schmidt.)  When  fused 
with  sohd  hydrate  of  potash,  it  evolves  ammonia  without  charring, 
leaving  a  residue  which  is  soluble  in  water.  (Payen.)  The  mem- 
braneous tissue  of  the  articulata,  either  in  its  original  condition  or  when 
the  incrustations  have  been  dissolved  by  hydrochloric  acid,  gives  the 
rose-red  coloration,  characteristic  of  the  nitrogenous  tissues,  when 
treated  with  mercuric  nitrate,  and  the  orange-red  coloration  with 
nitric  acid  and  ammonia,  but  with  iodo-chloride  of  zinc  (p.  140)  it  is 
coloured  uniformly  violet.  After  ebullition  with  potash-ley  of  40°, 
whereby  it  remains  unaltered  as  to  external  appearance  and  as  to  its 
appearance  under  the  microscope,  it  more  quickly  assumes  an 
intenser  bluish  violet  colour  when  treated  with  iodo-chloride  of  zinc ;  it 
still,  however,  remains  miattackable  by  concentrated  potash-ley,  acetic 
or  tartaric  acid.  —  If  chitin  is  boiled  for  half  an  hour  Avith  5  times  its 
weight  of  potash-hydrate  and  such  a  quantity  of  water  that  the  mix- 
ture would  immediately  solidify  if  allowed  to  cool,  a  large  quantity  of 
ammonia  is  liberated,  and  half  the  chitin  is  dissolved.  The  residue 
appears  unchanged  when  exammed  under  the  microscope  ;  it  is  trans- 
parent, gelatinous  and  easily  comminuted  when  moist  ;  in  the  dry 
state,  it  is  dull- white,  very  light,  and  micaceous.  With  tincture  of 
iodine,  or  with  iodine  and  dilute  acetic  acid,  this  residue  becomes  violet 
throughout ;  iodo-chloride  of  zinc  colours  it  pure  blue.  It  dissolves 
almost  instantly  in  acetic  acid,  tartaric  acid,  or  in  warm  water  con- 
taining 0*5  p.  c.  hydrochloric  or  nitric  acid,  and  is  precipitated  from 
these  solutions  by  alcohol  or  by  aqueous  alkalis  as  a  serai- transparent 
paste,  which  dries  up  to  a  yellowish,  translucent  gum.  The  acid  solu- 
tion and  the  precipitate  are  coloured  reddish  violet  by  a  few  drops  of 
biniodidc  of  potassium.  This  substance,  Rouget's  modified  chitin,  dis- 
solves in  oil  of  vitriol  witli  yellow  or  brown  colour^  and  is  precipitated 
by  water,  from  the  freshly  prepared  solution,  as  a  white  powder.    The 
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solution  is  less  completely  precipitated  by  water  after  having  been  left 
to  itself  for  12  or  24  hours,  and  is  then  found  to  contain  sugar.  This 
modified  chitin  remains  soluble  in  acids  after  being  precipitated  by 
alcohol  or  by  alkalis,  and  still  contains  nitrogen.  (Rouget,  Compt.  rend. 
48,  793.  —  See  also  Peligot's  statements,  p.  415.) 

Chitin  is  insoluble  in  water,  aqueous  ammonia,  acetic  acid,  and  alcohol. 
-^Aqueous  ciiprammonia  does  not  attack  it  in  the  smallest  degree. 
(Stadeler.) 

Myronic  Acid. 

C«'NH»^S*02«  =  C8NH«S*,S'»H208,C^«H^2oi8. 
LuDWiG  &  Lange.     Zeitschr.  Ch.  Pharm.  3,  430  and  577. 

Myrons'dure.  See  x,  53,  also  p.  346  of  this  volume.— Recognised  aS  a  gluco- 
side  by  Ludwig  &  Lange,  its  very  existence  having  been  previously 
called  in  question  by  Thielau  {Pharm.  Viertelj.  7,  161)  and  others. 
Scarcely  known  except  in  the  form  of  potash-salt. 

Preparation  of  Myronate  of  Potash. — Vol.  x,  p.  63.  One  pound  of 
black  mustard  yields  from  1  to  3*5  grms.  of  crystals. 

Properties  of  the  Potash-salt. — Colourless  needles,  possessing  a 
cooling,  bitter  taste.     Neutral.     Scarcely  loses  weight  at  100". 

a.  Calculation  according  to  Ludwig  &  Lange. 
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b.  Calculation  acco 
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The  salt  used  for  analysis  contained  about  1  p.  c.  of  lime  for  which  an  equiva- 
lent quantity  of  potash  was  substituted  in  calculating  the  results.  —  Will  &  Korner 
{Ann.  Pharm.  119,  376)  give,  without  further  details,  the  formula  b,  which  contains  the 
elements  of  glucose,  oil  of  mustard,  and  acid  sulphate  of  potash. 

Decompositions  of  the  Potash-salt.— 1.  When  heated,  it  burns  with 
a  choking  smell,  leaving  sulphate  of  potash  and  charcoal. -2.  Chars 
when  heated  with  concentrated  phosjohoric  acid,  and  evolves  a  smell  of 


ARBUTIN.  419 

garlic. — 3.  Myronate  of  potash,  boiled  with  dilute  sulphuric  acid, 
yields  a  liquid  which  does  not  ferment  after  neutralisation  of  the 
acid,  but  reduces  cuprous  oxide  from  alkaline  cupric  solutions. — 
4.  Decomposed  by  aqueous  ammonia,  with  formation  of  sulphuric  acid. 
—  5.  Becomes  yellow  when  boiled  with  potash-ley,  evolves  ammonia, 
and,  after  addition  of  hydrochloric  acid,  gives  off  hydrosulphtiric 
acid,  while  a  sugar  which  reduces  alkaline  cupric  solutions,  remains 
dissolved.  —  6.  A  solution,  mixed  with  haryta-water  becomes  turbid  on 
boiling,  from  separation  of  sulphate  of  baryta,  and  evolves  ammonia  ; 
after  addition  of  hydrochloric  acid,  it  evolves  hydrosulphuric 
and  carbonic  acids.  Lime-water  acts  like  baryta- water.  —  7.  With 
protochloride  of  tin,  it  forms  hydrosulphuric  acid  and  protosulphide  of 
tin. — 8.  Throws  down  white  precipitates  from  neutral  and  from  basic 
acetate  of  lead,  on  boiling.  —  9.  Its  aqueous  solution  is  coloured  brown- 
red  when  boiled  with  ferric  chloride,  and,  on  addition  of  nitric  acid  and 
chloride  of  barium,  deposits  sulphate  of  baryta  and  loses  its  colour. 
— 10.  Reduces  mercurous  nitrate  to  the  metaUic  state  on  standing,  and 
mercuric  chloride  to  calomel  when  heated.  — 11.  The  solution  mixed  with 
aqueous  nitrate  of  silver  remains  clear  at  first,  but  after  a  few  minutes, 
yields  a  white  precipitate,  which  dissolves  when  heated,  the  smell  of 
oil  of  mustard  being  then  evolved,  and  sulphide  of  silver  deposited. — 
12.  It  renders  the  colour  of  bichloride  of  platinum  didiXkoiX  on  boiling,  and 
separates  brown  flocks  from  terchloride  of  gold.  —  13.  In  contact  with 
water  and  myrosin  (x.  54),  at  the  common  temperature,  it  splits  up, 
without  evolution  of  gas,  forming  oil  of  mustard  and  sugar :  thus, 
according  to  Ludwig  &  Lange : 

CsoNHWS^O's.KO  =  C8NH5S2  +   K0.2S02   +   Ci-H^Qi^. 

The  hquid  which  remains,  after  distilling  off  the  oil'of  mustard,  is  acid, 
has  a  milky  turbidity  caused  by  separated  sulphur,  and  contains  ^  of 
the  sulphur  of  the  myronate  of  potash  as  sulphate  of  potash.  With 
yeast  it  evolves  a  quantity  of  carbonic  acid  coiTesponding  to  as  much 
glucose  as  would  amount  to  20*45  p.  c.  of  the  myronate  of  potash  ; 
but,  after  ebullition  with  dilute  sulphuric  acid,  it  evolves  more,  so  that 
altogether  glucose  amounting  to  45  p.  c.  of  the  salt  is  indicated.  In 
a  second  experiment,  less  energetic  myrosin  formed  only  18*9  p.  c. 
glucose ;  in  a  third  experiment,  hardly  any.  — 14.  Beer-yeast  does  not 
cause  myronate  of  potash  to  ferment.  (Ludwig  &  Lange.) 


Arbutin. 

kAWALiER.     Wien.  Akad.  Ber,  9,  291 ;   J.  pr.  Chem.  58,   193  ;  Ann. 

Pharm.  84,  356;  Pharm.  Centr.  1852,   761;   Chem.  Gaz.  1853,   61. 

—  Announcement  of  the  results,  Ann.  Pharm.  82,  241. 
Ad.  StreCker.     Munch.  Akad.  Ber.  Nr.  69;  Ann.  Pharm.  101 ,  ^"l^ -y 

N.  Ann.   Chim.  Phys.   54,    314;    Bep.   Chim.  pure,  1,   ^l.—Ann. 

Pharm.  118,  292  ;  Rep.  Chim.  p)ure,  4,  77. 

Occurreiice.    In  the  leaves  of  Arctostaphylos  Uva  Ursi. 

2  E  2 
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Preparation.  The  extract  of  the  leaves  is  precipitated  with  basic 
acetate  of  lead,  and  the  filtrate,  freed  from  lead  by  sulphuretted 
hydrogen,  is  evaporated  to  crystallisation.  The  crystals  are  purified 
by  recrystallisation  with  help  of  animal  charcoal.  (Strecker).  Kawa- 
lier  precipitates  the  extract  with  sugar  of  lead,  boils  down  the  filtrate 
in  a  retort,  removes  any  lead-salt  which  has  separated,  and  passes 
hydrosulphuric  acid  into  the  liquid.  The  solution  filtered  from  the 
sulphide  of  lead  is  evaporated  to  a  syrup,  and  the  arbutin,  which 
crystallises  out  after  several  days,  is  purified  by  pressure  and  recrys- 
talhsation  with  animal  charcoal. 

Properties.  See  hydrated  arbutin.  Hydrated  arbutin  loses  water  at 
100°  (1  at.  :  Strecker),  without  becoming  opaque,  and  is  converted 
into  anhydrous  arbutin.  Tastes  bitter.  Melts  at  a  high  temperature 
(at  170°  :  Streclcer)  to  a  clear,  colourless  liquid,  which  solidifies  on 
cooUng,  to  an  amorphous  cracked  mass.  (Kawalier.)  —  Neutral. 

Kawalier.  Strecker. 

at  100°,  or  fused.  mean.  mean. 

24  C  144     ....     62-94     ....     52*46  52-8 

16  H  16     ....       5-88     ....       611  5-9 

14  O  112  ....  41-18  ....  41-43  41-3 

C24H16014  ....  272  ....  100-00  ....  10000  100-0 

Kawalier  formerly  gave  the  formula  C^'^W^O^^. 

Decompositions.  1.  In  contact  with  emulsin  at  the  common  tem- 
perature, it  splits  up  after  several  days  into  hydrokinone  (Kawalier's 
arctuvin)  and  glucose.     (Kawaher.) 

C24H160"   +   2HO  =  Ci2H<504   +    C12H12012.     (Strecker.) 

Ebullition  with  dilute  sulphuric  acid  has  the  same  effect.  (Strecker.) 
The  hydrokinone  may  be  extracted  by  ether  from  the  mixture  left  on 
evaporation  (Kawalier),  or  from  the  solution  after  ebullition  with 
dilute  sulphuric  acid.  (Strecker.)  —  2.  Easily  converted  into  kinone  and 
formic  acid  by  peroxide  of  manganese  and  siilpliuric  acid.  (Strecker.)  — 
3.  Becomes  yellow  or  red  when  chlorine  is  passed  into  its  aqueous 
solution,  and  deposits  shining  yellow  crystals  of  chlorokinone,  bichloro- 
kinone,  and  perhaps  products  still  richer  in  chlorine.  Bromine  forms 
partly  liquid,  oUy  bromokinone,  partly  crystallised  bromarbutin. 
(Strecker.)  —  4.  Dissolves  easily  in  concentrated  nitric  acid,  forming  a 
yellow  solution  which  does  not  deposit  crystals  when  evaporated,  but 
yields  a  precipitate  of  binitrohydrokinone  when  mixed  with  alcohol. 
(Strecker.) 

Comhinations.  —  With  Water.  —  A.  Hydrated  Arhutin.  Long,  colour- 
less bunches  of  needles  of  a  silky  lustre,  which  lose  their  water 
at  100°. 

Air-dried.  Kawalier.  Strecker. 

24  C  , 144     ....     51-24  ....     49-93     51-0 

17  H 17     ....       6-05  ....       6-32     fi-S 

15  O 120     ....     42-71  ....     43-75     427 

C24Hiooi4  +  Aq 281     ....  100-00     ....  10000     100-0 
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B.  Aqueous  Arhutin.  —  Arbutin  dissolves  very  easily  in  boiling 
water ;  less  easily  in  cold  water.  (Strecker.) 

Arbutin  is  not  precipitated  by  metallic  salts ;  at  least  not  by  basic 
or  neutral  acetate  of  lead,  or  by  ferric  salts.  (Kawalier.)  When  mixed 
with  cujpric  sulphate  and  excess  of  potash-hydrate,  it  forms  a  deep- 
blue  solution,  from  which  no  cuprous  oxide  is  precipitated  on  boihng. 
(Strecker.) 

Arbutin  is  soluble  in  alcohol  and  in  ether,  (KawaHer.)  Scarcely 
soluble  in  ether.  (Strecker.) 


Appendix  to  Arhutin. 

1.  Binitro-arbutin. 

Ad.  Strecker.     Ann.  Pharm,  118,  292 ;  Rep.  Chim.  pure,  4,  77. 

Arbutin  is  dissolved  in  concentrated  nitric  acid,  and  the  solution  is 
mixed  with  several  times  its  bulk  of  alcohol.  When  the  mixture  is 
left  to  itself,  needles  separate  out,  their  quantity  increasing  as  the 
liquid  evaporates,  so  that  at  last  the  mother-liquor  dries  up  to  a  dark- 
yellow  amorphous  mass,  from  which  binitro-arbutin  can  still  be  obtained 
by  neutraUsation  with  carbonate  of  baryta,  and  extraction  with  boihng 
alcohol. 

Bright  yellow,  thin  needles,  which  melt  when  heated  and  solidify 
in  the  crystalline  form.  Loses  9-35  p.  c.  water  at  100°  (calcul.  :  4  at 
=  9-0  p.  c.) 


24  C  

at  100°. 
....  144     ... 
....     14     ... 

...     39-77     .... 

Strecker. 
mean. 
39-8 

14  H 

3-86     .... 

4-1 

2  N 

....     28     .... 

....       7-74     .... 

8-2 

22  O 

....  176     ... 

.. .    48-63     .... 

47-9 

C24X2HW014 

....  362     .... 

....  100-00     .... 

100-0 

Decomposed  when  boiled  with  dilute  nitiic  acid,  yielding  binitro- 
hydi-okinone,  C'^XmV. 

Easily  soluble  in  ivater.  The  solution  does  not  precipitate  metallic 
salts.     Slightly  soluble  in  alcohol;  insoluble  in  ether. 


2.  Eesin  from  Arctostaphylos  Uva  Ursi. 

Kawalier.     Wien,  ATcad,  Ber,  9,  297. 

The  mother-hquor  remaining  in  the  preparation  of  arbutin,  accord- 
ing to  page  420,  yields,  when  mixed  with  hydrochloric  or  sulphuric 
acid,  and  warmed,  a  precipitate  of  a  resin,  which  may  be  purified  by 
solution  hi  alcohol,  and  precipitation  of  the  solution  with  water. 
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Brittle,  black  resin,  easily  reduced  to  a  dark-brown  powder,  which 
melts  when  heated,  and  burns  with  a  smoky  flame. 


80  C 

35  H 

31  O 

at  100°. 

480     .. 

35     .. 

248     .. 

..     62-90     .. 
..       4-58     .. 
..     32-52     .. 

K  a  waller. 

62-95 

5-06 

31-99 

C80H35Q31    _ 

763     .. 

..  100-00     .. 

100-00 

So,  according  to  Kawalier.  —  Perhaps  it  is  C-^H"0',  and  is  produced  from  arbutin 
by  loss  of  5  at.  water  (calculation:  63*4  p.  c.  carb.,  4-84  hydrog.).     [Kr.] 


Amygdalin. 

RoBiQUET  &  Botjtron-Charlard.    Ann.  Chim.  Fhys.  44,  8^2;  Pogg. 

20,  494;  Schw.  61,  223;  N,  Tr,  24,  2,  198.  —  ./.  Pharm.  23,  G05  ; 

Ann.pharm.  '2ib,  175. 
WoHLBR  &  LiEBiG.     Ann.  Pharm.  22,  1  ;  Pogg.  41,  845. 

Discovered  by  Robiquet  &  Boutron  in  1 830.  The  relation  of  amygdalin  to  its 
products  of  decomposition,  and  the  part  it  plays  in  the  production  of  oil  of  bitter  almonds 
(xii,  20),  were  first  explained  by  Wohler  &  Liebig's  investigation  (1835).  —  Amygdalin 
was  the  first  known  example  of  a  substance  which  yielded  sugar  as  a  product  of 
decomposition. 

Occurrence.  In  bitter  almonds,  the  kernels  of  Amygdalus  communis, 
var.  amara  {Handb.  viii.  Pkytochem.  14.  Robiquet  &  Boutron.).  —  The 
almonds  contain  amygdahn  ready  formed  ;  it  is  not  first  produced  on 
treating  them  with  alcohol.  If  the  concentrated  aqueous  emulsion  is 
mixed,  immediately  after  its  preparation,  with  a  very  large  quantity  of 
absolute  alcohol,  the  pulp  pressed  between  hnen,  and  the  Hquid 
filtered,  boiled,  filtered  again,  and  evaporated,  crystaUised  amygdaUn 
remains  behind  (Wohler  &  Liebig).  In  this  manner,  amygdalin  may 
be  obtained  from  the  emulsion  of  dry  but  not  of  fresh  almonds,  which 
latter  perhaps  do  not  contain  amygdahn  ready  formed  (Winckler, 
Mepert.  65,  15). 

The  following  plants  or  part  of  plants  either  yield  crystallised 
amygdalin, — or  on  subjecting  them  to  the  usual  process  for  the  pre- 
paration of  amygdalin,  an  extract  is  obtained  (Winckler's  amorphous 
amygdalin),  which,  when  treated  with  almond-milk,  yields  prussic  acid 
and  bitter-almond  oil,  but  does  not  deposit  any  crystals  of  amygdalin. 
In  other  cases,  the  existence  of  amygdalin  is  indicated  by  the  presence 
of  prussic  acid  in  the  watery  distillate,  although  no  attempt  may  have 
been  made  to  separate  it :     (See  also  vii,  389.) 

^  Amygdalus  persica  {Handb.  viii,  Phytochem.  14).  Peach-kernels  con- 
tain about  3  per  cent,  of  crystalHsed  amygdalin  (Geiseler,  Repert.  68, 
289) ;  the  leaves  contain  amorphous  amygdalin.  —  Prmius  Laurocerasns. 
The  ripe  kernels  contain  cry stalhsed  amygdalin  {Bepert.  65,  14);  the 
leaves,  amorphous  amygdalin  (Widtmann,  liep^rt.  45,  429.  — Denk, 
Pepert.  45,  434.  —Liebig  k  Wohler,  Winckler;  Simon,  Ann.  Pharm.  31, 
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263.  —  Lepage,  J.  Cliim.  mecl.  24,  3G5  ;  abstr.  iV^.   J.  Pharm.  15,  40). 

Primus  avium.  Cherry-stones  contain  amorphous  aniygdalin  in  quantity 
sufficient  to  yield  as  much  prussic  acid  as  corresponds  to  2*1  p.c.  crystal- 
lised amygdalin  (Geiseler,  Eepert.  C9,  289.  —  Winckler).  —  The  green 
parts  of  the  cherry-tree  do  not  yield  a  distillate  containing  prussic  acid 
(VVicke,  Ann.  Pharm.  79,  82).  —  Prunus  domestica.  Plum-stones  contain 
crystallised  amygdalin,  together  with  a  peculiar  bitter  substance 
(Winckler,  Repert.  (jQ,  327).  The  distillate  from  the  very  young  shoots 
contains  prussic  acid;  that  from  the  older  shoots  contains  none.  (Wicke.) 
A  distillate  containing  prussic  acid  is  obtained  from  the  leaves  of 
Prunus  capiicida,  the  bark  of  Pr.  virginiana,  the  flowers  (Zeller),  and 
the  kernels  of  Pr.  Spinosa  (Enz,  Pharm.  Viertelj.  6,  179),  but  not  from 
the  buds,  leaves,  root  or  bark  of  Prunus  Mahaleh  (Wicke,  Ann.  Pharm. 
79,  82  and  81,  241). — Prunus  Padus.  From  the  fruit-kernels,  Ileumann 
{Repert.  75,  221  and  360)  obtained  IJ  per  cent.;  from  the  flowers, 
leaves  and  bark,  Kiegel  {Jahrh.  pr.  Pharm.  4,  342)  obtained  from  f  to 
1  p.  c.  of  crystallised  amj^gdalin  j  the  plant  also  contains  amorphous 
amygdalin  (Riegel ;  Winckler,  Jahrh.  pr.  Pharm.  4,  345  ;  Heumann, 
Simon,  Widtmann,  Penk).  The  distillate  from  the  bark  and  leaves  is 
richer  in  prussic  acid  in  December  than  in  the  earlier  part  of  the  year 
(Wicke,  Ann.  Pharm.  81,  241). 

The  following  Pomece  (Handb.  yiii,  Phytochem.  16), — Crcitcegus 
oxyacantha,  Cotoneaster  vulgaris,  Amelanchier  vulgaris  (not  Pyrus  Malus\ 
Sorhus  A^icuparia,  S.  hyhrida  and  S.  torminalis — yield  a  distillate  contain- 
ing prussic  acid.  The  amygdalin  accumulates  in  the  buds  and  bark  of 
these  plants  during  the  autumn  and  diminishes  during  the  period  of 
growth.  {W\c]s.Q,Ann.  Pharm.  79,  79,  and  81,  249).  —  The  leaves  of 
shrubby  spireeas  {Handb.  viii,  Phytochem.  15),  Spircea  Aruncus, 
S.  sorbifolia  and  S.  japonica  yield  prussic  acid,  whereas  the  distiflate  of 
herbaceous  spiroeas  contain  either  salicylous  acid  or  neither  of  these 
acids  (Wicke,  Ann.  Pharm.  83,  175 ;  compare  xiv,  235,  and  Handb.  viii, 
Phytochem.  15). 

Preparation.  1.  The  paste  of  bitter  almonds  freed  from  fixed  oil  by 
strong  pressure  is  twice  boiled  with  alcohol  of  94  or  95  p.  c,  and  the 
residue  is  strained  and  pressed.  The  oil  which  still  separates  on  stand- 
ing is  removed,  and  the  hquid  after  filtration  is  set  aside,  a  small  por- 
tion of  the  amygdalin  then  crystallising  out.  The  remaining  liquid  is 
distilled  till  only  a  sixth  portion  of  it  remains ;  the  residue  is  mixed 
with  half  its  volume  of  ether  which  precipitates  the  amygdaUn  ;  the 
crj'Stalline  pulp  is  collected  on  a  filter,  pressed  between  bibulous  paper 
renewed  till  it  no  longer  takes  up  any  fixed  oil, — then  shaken  up,  and 
the  amygdalin  washed  w4th  ether,  till  this  liquid  evaporated  on  the 
water-bath  no  longer  leaves  a  film  of  oil ;  and  finally  reorystaUised  from 
boifing  alcohol  (Liebig  &  Wohler). 

Bitter  almonds  thus  treated  yield  2 J  p.  c.  amygdalin.  —  Weaker 
gpirit  likewise  extracts  sugar  and  other  substances  from  the  almonds, 
decomposes  the  amygdalin,  and  renders  the  purification  difficult ;  if  no 
ether  is  used,  part  of  the  aniygdalin  remains  in  the  mother-liquor  after 
the  alcohol  is,  evaporated.  It  is  not  necessary  to  distil  off  more  tha^ 
half  the  alcohol,  as  ether  will  then  precipitate  nearl}^  all  the  amygdalin 
from  the  residue  after  a  few  days.  (Liebig  &  Wohler,  Ann.  Pharm. 
23,  329  ;  Compare  the  similar  process  of  Robiquet  &  Boutron ;  also  that  of 
TroramsdorflF,  Ann.  Pharm.  27,  224). 
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2.  The  paste  from  6  pounds  of  bitter  almonds  is  boiled  for  an  hour 
with  12  pts.  alcohol,  strained  through  sack-cloth  and  pressed,  and  the 
residue  is  boiled  with  9  pounds  of  alcohol,  and  pressed  again.  The 
extracts  when  cold,  are  freed  as  much  as  possible  from  fixed  oil  by 
decantation  and  filtration,  then  from  alcohol  by  distillation,  and  strained; 
the  greater  part  of  the  fixed  oil  which  still  remains,  is  then  left  on  the 
cloth  in  the  form  of  a  frothy  mass.  The  crystalline  pulp  thus  obtained 
in  the  course  of  24  hours  is  triturated  and  washed  with  cold  alcohol, 
pressed  between  linen,  and  crystalHsed  from  2  pounds  of  boiling  alcohol. 
By  this  process,  large  bitter  almonds  yield  about  3  per  cent.,  the 
smaller  kind,  2*2  p.  c.  amygdalin.  (Bette,  Ann.  Pharm.  31,  211.) 
Winckler  (Repert.  65,  1),  and  Hanle  {Repert.  67,  38,  3  ;  Jalirh.pr.  Pharm. 
2,  163)  proceed  in  a  similar  manner.  —  3.  Bitter-almond  paste  is  boiled 
with  alcohol,  the  tinctures  completely  freed  from  alcohol  by  distilla- 
tion, and  the  syrup,  after  dilution  with  water,  is  mixed  with  yeast. 
When  the  fermentation  is  ended,  the  liquid  is  evaporated  to  a  syrup, 
and  mixed  with  alcohol,  which  throws  down  nearly  all  the  amygdalin 
as  a  white  crystaUine  powder,  which  may  be  pressed  and  purified  by 
recrystallisation.  The  syrup  obtained  by  evaporating  the  fermented 
liquid  might  also  be  boiled  with  alcohol  and  filtered  hot.  (Liebig  & 
Wohler,  Ann.  Pharm.  24,  45). 

The  amygdalin  remaining  in  the  mother-liquors  may  be  utilised  by 
decomposing  it  with  almond-milk,  and  distilling'  off  the  bitter-almond 
water.    (Hanle.) 

Amorphous  Amygdalin.  Chopped  laurel-leaves  are  digested  and 
boiled  with  alcohol,  and  the  mass  is  strained,  pressed,  and  freed  from 
alcohol  by  distillation.  The  residue  is  freed  from  chlorophyll  by  ether, 
and  from  tannin  by  precipitating  the  solution  with  nitrate  of  lead ;  the 
lead  is  removed  from  the  filtrate  l3y  sulphate  of  soda ;  the  liquid  is  then 
evaporated,  and  the  residue  boiled  with  absolute  alcohol.  The  extract 
when  evaporated  leaves  an  amorphous,  yellow,  tough  resin,  which  when 
redissolved  in  absolute  alcohol  leaves  a  small  quantity  of  sulphate  of 
soda,  and  may  be  partially  decolorised  by  animal  charcoal.  The  dark 
yellow,  transparent  residue  dissolves  readily  in  water  and  alcohol,  not 
in  ether  ;  it  tastes  like  salicin  and  yields  with  almond-milk  the  same 
products  as  amygdahn  (Winckler,  Repert.  65,  1).  Simon  agitates  the 
tincture  of  dried  laurel-leaves  with  litharge,  and  evaporates  the  wine- 
yellow  filtrate,  which  is  free  from  lead.  The  light  brown  extract  can- 
not be  made  to  crystallise,  but  it  exhibits  with  almond-milk  and  baryta- 
water,  the  same  reactions  as  amygdalin.     {Aim.  Pharm.  31,  263.) 

Properties.  CrystalHsed  amygdalin  (see  below)  contains  water,  from 
which  it  may  be  freed  by  continued  heating  to  120°  (Liebig  &  Wohler). 
It  melts  at  200°,  and  solidifies  to  an  amorphous  mass,  which,  if  again 
heated,  melts  between  125°  and  130°.  (Wohler,  Ann.  Pharm,.  41, 
155).  Inodorous,  tastes  sweet  at  first,  afterwards  bitter.  (Robiquet 
&  Boutron.)  Neutral.  Lgevo-rotatory  (see  p.428.).  Does  not  act  as  a 
poison  taken  internally.  Only  in  two  instances,  Wohler  &  Frerichs 
saw  dogs  fall  ill  after  taking  large  quantities  of  amygdalin ;  in  these 
cases,  they  [as  well  as  Widtmann  {Repert.  45,  429)  and  Denk  (i?e/?eH.  45, 
434)],  observed  an  odour  of  prussic  acid  in  the  breath,  which  odour 
was  likewise  emitted  by  the  urine  after  addition  of  almond-milk. 
(Wohler  k  Frerichs,  Ann.  Pharm.  65,  337  ;  Chem.  Gaz.  148,  229.) 
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Liebig  Chiozza. 

at  120°.  &  Wobler.  memi. 

40  C     240     ....     52-51     ....     51-54     52-20 

N    ,. 14     ....       306     ....       3-06 

27  H    27     ....       5-91     ....       6-00     5*95 

22  O     176     ....     38-52     ....     39-40 

C40NH27O22 457     ....  100-00     ....  lOO'OO 

See  also  Liebig  {Ann.  Pharm.  18,  327) ;  Henry  &  Plisson's  analysis  (/.  Pharnu 
16,  609).  Muldfer  {J.  pr.  Chem.  15,  453),  found  2*8  p.  c.  nitrogen;  Varrentrapp  Sc 
Will  {Ann.  Pharm.  39,  282)  found  3-04  p.  c. 

Amygdalin  contains  the  elements  of  prussic  acid,  bitter-almond  oil,  and  sugar 
(Wohler  &  Liebig),  or  those  of  1  at.  cyanide  of  benzoyl  (C^H^O^.Cy)  and  2  at.  gum 
(Wohler,  Ann.  Pharm.  66,  238).  It  may  be  regarded  as  formed  by  the  union  of 
5  groups  of  atoms,  the  conjugation  of  which  is  attended  with  the  elimination  of  8  at. 
water : 

C40NH2-O22   +   8H0  =  C14H602   +   2Q,^m^^^0^^  +   Qm"0^   +   NH^. 

(Piria,  ^nw.  Pharm.  ^Q,  381).  See  also  Gerhardt  {Precis  1,  148  ;  N.  Ann.  Chim. 
Phys.1,  137). 

Decompositions.  1.  Amygdalin  melts  when  heated^  to  a  transparent 
liquid,  which  turns  brown  (at  160°,  according  to  0.  Schmidt),  and  gives 
off  an  odour  of  caramel,  then  of  white-thorn,  together  with  an  empyreu- 
matic  animal  odour  (Robiquet  &  Boutron,  Widtmann). — 2.  It  is  not  at  all 
altered  by  ozone  at  the  temperature  of  the  air  (Gorup-Besanez,  Ann. 
Pharm.  110,  106).  —  3.  Heated  with  ?iz>«c  acz^,  it  yields  benzoic  acid 
(Robiquet  &  Boutron)  and  bitter-almond  oil  (Peligot). — 4.  Aqueous 
amygdalin  is  not  altered  by  heating  with  mercuric  oxide  ov  peroxide  of 
manganese ;  but  on  addition  of  a  small  quantity  of  dilute  sulphuric  acid, 
carbonic  acid  escapes  with  violent  action,  while  bitter-almond  oil,  ben- 
zoic acid  and  formic  acid  pass  over,  and  an  ammonia-salt  remains  in 
the  residue  (Wohler  &  Liebig).  —  5.  When  aqueous  amygdalin  is 
gently  heated  with  permanganate  of  potash,  the  solution  becomes 
decolorised,  depositing  hydrated  peroxide  of  manganese,  while  cyanate 
and  benzoate  of  potash,  produced  by  the  reaction,  remain  dissolved : 
the  former  is  decomposed  at  the  boiling  heat,  in  consequence  of  which, 
ammonia  escapes  and  the  residue  becomes  alkaline  (Wohler  &  Liebig). 

—  6.  AVhen  amygdalin  is  immersed  in  potash-  or  soda-ley,  and  iodine  or 
Iromine  is  added  till  the  liquid  becomes  permanently  coloured,  a  large 
quantity  of  bitter-almond  oil  is  formed  (Lifert,  Compt.  rend.  23,  229). 

—  7.  Dry  chlorine  gas  does  not  act  upon  amygdalin ;  but  in  presence  of 
water  the  mass  swells  up,  and  a  white,  inodorous,  friable  substance 
is  formed,  insoluble  in  water  and  iu  alcohol.  (Robiquet  &  Boutron.)  — 

8.  Amygdalin  dissolves  with  light  violet-red  colour  in  oil  of  vitriol 
(Winckler).  On  boiling  it  with  dilute  sulphuric  acid,  small  quantities 
of  bitter-almond  oil  and  formic  acid  are  volatihsed,  and  an  additional 
quantity  of  the  former  after  the  residue  has  been  neutraUsed  with 
potash-ley.  On  neutralising  with  carbonate  of  baryta  and  evaporating, 
an  amorphous  baryta-salt  is  obtained,  and  the  solution  exhibits  the 
power   of  reducing   cupric    salts  (Chiozza,    Gerh.   Traite\    3,  200). — 

9.  The  solution  of  amygdalin  in  fuming  hydrochloric  acid  acquires  a 
yellow  or  brown  colour  when  warmed,  and  at  a  higher  temperature 
deposits  black-brown  humous  substances,  the  filtrate  when  evaporated, 
leaving   a  mixture   of  humic  acid,  sal-ammoniac,  and  mandelic  acid 
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(xii,  57),  the  last  of  which  may  be  dissolved  out  by  ether.  If  the 
liquid  is  evaporated  at  a  temperature  above  100°,  part  of  the  mandelic 
acid  becomes  aiiiorphous  (Wohler,  A7in.  Pharm.  QQ,  239).  Alcohohc 
hydrochloric  acid  appears  to  form  amygdalate  of  ethyl  (p.  430).  By 
boiling  with  dilute  hydrochloric  acid,  amygdalin  is  easily  converted, 
without  colouring,  into  bitter- almond  oil,  sugar,  prussic  acid  and  formic 
acid  (Ludwig,  N.  Br.  Arch.  82,  138;  87,  273).  — 10.  By  boiling  with 
potash-ley,  it  is  decomposed,  with  evolution  of  ammonia.  (Robiquet  & 
Boutron,  Widtmann.)  Amygdalic  acid  is  formed  as  a  second  product 
(Wohler  &  Liebig) : 

C40NH27O32  +   2H0  =  C«H26024   +   NH3. 

100  pt3.  amygdalin  yield  103*57  pts.  amygdalate  of  baryta  (Wohler  &  Liebig). 
Amygdalin,  by  conversion  into  amygdalic  acid,  acquires  an  increase  of  rotatory  power. 
(Bouchardat,  Compt.  rend.  19,  1174).  A  similar  result  is  produced  by 
boiling  with  haryta-water ;  but  when  amygdahn  is  triturated  with 
anhydrous  baryta  and  gently  warmed,  a  violent  reaction  takes  place,  by 
which  ammonia  is  evolved,  together  with  a  white  vapour  which  con- 
denses to  a  colourless  oil,  and  the  brown  residue  contains  carbonate  of 
baryta.     (Wohler  &  Liebig.) 

11.  In  contact  with  the  emuUin  of  almonds  (or  with  almond-milk) 
aqueous  amygdalin  is  decomposed,  with  formation  of  bitter-almond 
oil,  prussic  acid  and  sugar  (Wohler  &  Liebig). 

C40NH27O22   +   4H0  =  C^NH    +   Ci^H^O^  +   2012^12012. 
On  the  sugar  thus  produced  see  page  341. 

When  bitter  almonds  are  freed  from  fixed  oil  by  ether,  the  residue 
dissolves  almost  completely  in  water,  to  a  faintly  opalescent  liquid 
from  which  alcohol  throws  down  the  emulsin  in  flocks.  These  flocks 
dissolve  in  water  even  after  drying,  and  the  solution  becomes  turbid 
between  60°  and  70°,  and  soHdifies  at  100°  to  a  stiff  paste  no  longer 
soluble  in  water.  Emulsin  which  has  been  dried  is  still  capable  of 
decomposing  amygdalin,  but  that  which  has  been  coagulated  by  heat 
no  longer  possesses  this  power.  When  bitter  almonds  are  completely 
freed  from  amygdalin  by  exhaustion  with  cold  alcohol,  the  residue, 
mixed  with  water,  still  acts  on  amygdahn  (Wohler  &  Liebig),  but  the 
residue  left  after  exhausting  the  almonds  with  alcohol  does  not  exert 
this  action.  Nevertheless  the  residue  obtained  by  exhausting  the 
almonds  with  hot  alcohol  still  yields,  when  treated  with  water,  a  solu- 
ble emulsin,  which  is  coagulated  by  heat,  and  precipitated  by  tannic 
acid,  but  no  longer  acts  on  amygdalin  (Robiquet  &  Boutron). 

The  aqueous  solution  of  almonds  exhausted  with  ether  becomes  some- 
what more  opalescent  on  addition  of  amygdalin,  but  does  not  deposit  any 
bitter-almond  oil  on  cooling,  whatever  may  be  the  quantity  of  amygdalin 
or  emulsin  contained  in  it,  because  the  decomposition  of  the  amygdalin 
goes  on  only  so  long  as  sufficient  water  is  present  to  dissolve  all  the  pro- 
ducts of  decomposition.  The  mixture  coagulates  when  distilled  and  gives 
off  considerable  quantities  of  bitter-almond  oil,  more  if  the  action  has  been 
continued  for  6  or  8  hours,  than  if  the  mixture  is  heated  immediately. 
1  pt.  of  emulsin  is  capable  of  decomposing  about  10  times  its  weight 
of  amygdalin  in  8  days,  provided  a  sufficient  quantity  of  water  is  pre- 
sent (Wohler  &  Liebig. — Liebig,  Chemische  Brief e,  172).  When  sweet 
almonds  are  triturated  with  a  small  quantity  of  water  and  a  quantity 
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of  sugar  too  large  to  dissolve  completely,  the  odour  of  bitter-almond 
oil  is  not  evolved  on  adding  pulverised  amygdalin,  but  powerfully  on 
subsequent  addition  of  cold  water. 

Besides  bitter-almond  oil,  sugar,  and  prussic  acid,  other  products 
are  formed,  probably  by  decomposition  of  those  first  produced. 
Wohler  &  Liebig  gave  the  equation, 

2C«NH270^  =  4C»H''02  +   2C2NH   +   Ci^^Hi20i2   +   CSH^O*  +   8H0. 

but  they  found  more  sugar  than  it  requires  {Hcmdworterhuch,  2  Aufl. 
1,  766) :  the  formula  of  decomposition  given  above  (p.  426)  is  therefore 
to  be  preferred.  If  the  sugar  thus  formed  be  decomposed  by  fermenta- 
tion, the  residue  becomes  acid  in  consequence  of  the  presence  of  a  non- 
volatile acid  (succinic  acid?  Kr.  see  page  275).  If  the  solution  is  some- 
what concentrated,  alcohol  throws  down  thick  white  flocks  of  gum, 
perhaps  produced  by  alteration  of  emulsin  (Wohler  &  Liebig).  When 
amygdalin  is  gently  warmed  with  emulsin  and  water,  ammonia  is  given 
off.  On  agitating  the  mixture  with  oxide  of  silver,  the  previously  acid 
liquid  becomes  alkaline,  and  gives  off  ammonia  when  placed  in  a 
vacuum.  Since  cyanide  of  silver  is  also  produced,  2  at.  of  amygdalin 
must  be  engaged  in  the  reaction.  (Deschamp,  J.  Pharm.  25,  22; 
JSr.  Ann.  Chim.  Phys.  12,  383.) 

The  action  of  the  emulsin  is  prevented  by  the  addition  of  1  pt. 
hydrate  of  soda  or  oil  of  vitriol  to  100  pts.  of  the  amygdalin,  and 
retarded  by  an  equal  addition  of  lime,  magnesia,  ammonia,  or  carbonate 
of  ammonia,  hydrochloric  acid  or  oxalic  acid ;  whereas  bicarbonate  of 
soda,  most  other  acids  and  salts,  alkaloids  and  volatile  oils  (especially 
oil  of  mustard,  arsenic  acid,  prussic  acid,  sulphate  of  copper,  and 
cyanide  of  silver)  do  not  exert  any  retarding  action.  (Bouchardat, 
Compt.  rend.  20,  110.) 

It  is  only  the  emulsin  of  almonds  that  is  capable  of  decomposing 
amygdalin,  not  the  albumin  of  other  plants.  (Wohler  &  Liebig, 
Robiquet  &  Boutron.)  If  1  pt.  of  the  seed  of  bitter  or  sweet 
almonds,  poppy,  hemp,  black  mustard,  or  white  mustard,  be  triturated 
to  a  milk  with  8  pts.  water,  the  liquid  precipitated  with  alcohol,  and 
the  preci])itate  washed  with  ether  and  alcohol,  emulsin  is  obtained, 
capable  of  decomposing  amygydalin,  but  in  various  degrees,  and  in 
different  times.  The  strongest  action  is  produced  by  the  emulsin  of 
bitter  almonds.  (E.  Simon,  Pogg.  43,  404.)  Active  emulsin  may  also 
be  obtained  from  the  leaves  of  the  cherry-laurel  and  the  bark  of 
Prunus  Padus.  (Simon,  Ann.  Pharm.  31,  263.) 

A  mixture  of  sweet-almond  milk  and  amygdalin  is  recommended 
by  Wohler  &  Liebig,  instead  of  bitter-almond  water,  as  a  pharmaceu- 
tical preparation  containing  a  definite  proportion  of  prussic  acid. 
(Ann.  Phm^m.  22,  24,  and  23,  329.)  Such  a  mixture  is  less  likely  to 
spoil  than  almond-milk  alone.  (Hanle,  Repert.  67,  387.) 

11.  Amygdalin  is  decomposed  by  a  certain  substance  in  the  yolk  of 
egg,  in  the  same  manner  as  by  emulsin  (Barreswil,  N.  J.  Pharm. 
17,  118).  Diastase,  which  has  not  been  heated,  forms  bitter-almond 
oil  from  amygdalin  in  a  few  days ;  a  mixture  of  yeast,  sugar- water 
and  amygdalin,  kept  for  some  months,  emits  a  strong  odour  of  prussic 
acid.  (Kobiquet  &  Boutron.)  Amygdalin  is  not  decomposed  by  yeast 
(Schlossbergcr,  Ann.  Pharm.  51,  211),  but  in  contact  with  yeast, 
bicarbonate  of  soda,  and  a  large  quantity  of  water  at  17°,  it  emits  the 


428    GLUCOSIDES  WITH  14  AT.  CARBON  IN  THE  COPULA. 

odour  of  bitter-almond  oil,  and  is  completely  decomposed,  with  forma- 
tion of  formic  acid,  ammonia,  and  crystals  soluble  in  alcohol  and 
ether.  (Ranke,  J.  i^r.  Chem.  56,  16.) 

Amygdalin  is  not  decomposed  by  calf's  rennet  (Wohler  &  Liebig), 
by  the  secretion  of  the  pancreas  (0.  Schmidt,  Ann.  Pharm.  92,  35),  or 
by  saliva  (provided  it  does  not  not  act  as  a  poison).  —  Ranke  {J.  pr. 
Chem.  56,  16)  after  injecting  5  grammes  of  amygdalin,  together  witli 
milk,  into  the  stomach  of  a  rabbit,  found  that  tJfie  acid  urine  contained 
formic  acid. 

Comhinations.  With  Water.  —  Amygdalin,  when  dry,  g-reedily  ab- 
sorbs from  2  to  3J  p.  c.  water.  (Wohler  &  Liebig.) 

A.  Qaadro-hydrated  Amygdalin.  — Amygdalin  crystaUised  by  drying 
over  oil  of  vitriol,  or  by  separation  from  alcohol  of  80  p.  c,  contains 
4  at.  water.     Colourless  nacreous  scales.  (Wohler  &  Liebig.) 

B.  Sex-hydrated  {crystallised)  Amygdalin. — Separates  from  the  aqueous 
solution  in  transparent  prisms,  which,  when  left  over  oil  of  vitriol, 
give  off  3*52  p.  c.  water  (2  at.  HO  =  3 '52  p.  c),  and  become  less 
transparent;  at  120°,  they  give  off  10*57  p.  c.  water  (6  at.  =  10-56 
p.  c),  being  thereby  converted  into  anhydrous  amygdalin.  (Wohler  & 
Liebig.)  Colourless  right  prismatic  crystals  having  the  character  of 
Figure  55.  u:u=  127°  0';  u  :  I  =  113°  39';  i  :  I  =  96°  13'.  A 
second  horizontal  prism  (corresponding  to  u  of  figure  53),  as  well  two 
octahedrons  could  not  be  measured  on  account  of  the  strong  curvature 
of  their  faces.  Cleavage  very  perfect  parallel  to  z,  but  imperfect  in 
the  direction  perpendicular  thereto  (parallel  to  t,  Fig.  53).  Lustre 
vitreous,  pearly  on  i.  The  crystals,  which  are  10  mms.  long,  are  united 
into  bundles  by  the  faces  i  (Keferstein,  Fogg.  99,  293).  —  Lsevo-rota- 
tory :  for  amygdahn  (?  quadro-hydrated),  dried  at  45°  over  lime, 
[^x]r  =  —  35-51°.  (Bouchardat,  Compt.  rend.  19,  1174.) 

Cver  oil  of  Vitriol.  O.  Schmidt. 

40  C  240  ....  46-96  46-69 

N 14  ....   2-74  2-57 

33  H 33  ....   6-46  6-65 

28  O 224  ....  43-84  44-09 

C40NH27O22  +  6aq 511  ....  lOO'CO  lOO'OO 

Amygdalin  is  easily  soluble  in  water.  The  solution  does  not  pre- 
cipitate any  metallic  salt. 

It  is  nearly  insoluble  in  cold  alcoJwl,  but  dissolves  very  easily  in 
boiling  alcohol ;  the  solution  in  alcohol  of  94  to  95  p.  c.  still  retains 
_i_  in  solution  after  cooling. 

Amygdalin  crystallised  from  absolute  alcohol  appears  to  hold 
alcohol  in  combination,  which  is  not  easily  removed  by  heating. 
(Wohler  &  Liebig.)  —  Anhydrous  and  quadro-hydrated  amygdalin  dis- 
solve but  sparingly  even  in  hot  alcohol ;  but  the  solution  obtained  by 
dissolving  sex-hydrated  amygdalin  in  absolute  alcohol  may  be  evapo- 
rated to  a  syrup  without  yielding  crystals,  which,  in  fact,  do  not  form 
till  it  has  been  left  for  some  days  in  a  warm  place.  (Winckler,  Itepert. 
65,  5.) 

Amygdahn  is  insoluble  in  ether. 
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Amygdalic  Acid. 

(J40U26O24, 

WoHLER  &  LiEBiG.   Ann,  Pharm.  22,  11. 
Formation,  p.  426. 

Amygdalin  is  dissolved  in  baryta- water,  the  solution  is  boiled  for 
a  quarter  of  an  hour,  or  as  long  as  it  continues  to  evolve  ammonia ; 
carbonic  acid  is  then  passed  through  the  hot  liquid,  and  the  carbonate 
of  baryta  is  separated  by  filtration.  From  the  resulting  aqueous 
solution  of  amygdalate  of  baiyta,  aqueous  amygdalic  acid  is  obtained,  by 
barefully  precipitating  with  dilute  sulphuric  acid,  and  removing  the 
sulphate  of  baryta,  as  a  slightly  acid  liquid,  which  dries  up  to  a  gimi 
when  evaporated  over  the  water-bath.  The  concentrated  aqueous 
solution  left  for  some  time  in  a  warm  place,  yields  traces  of  crystals 
(Wohler  &  Liebig).  —  Leevo-rotatory ;  for  the  acid  dried  at  60°  for 
several  days  [a]r  =  —  40*19°.  (Bouchardat,  Compt.  rend.  19,  1174.) 

It  is  not  altered  by  boihng  with  peroxide  of  manganese ;  but  on  sub- 
sequent addition  of  dilute  sulphuric  acid,  it  gives  off  carbonic  acid, 
formic  acid,  and  bitter-almond  oil.  —  When  amygdalate  of  baryta  is 
precipitated  with  sidphate  of  silver,  sulphate  of  baryta  is  precipitated 
having  a  brown  colour,  which  becomes  darker  on  heating",  from  separa- 
tion of  metallic  silver.  At  the  same  time  an  odour  like  that  of  formic 
acid,  becomes  apparent. 

Amygdalic  acid  deliquesces  in  moist  air,  and  dissolves  to  a  syrup  in 
a  small  quantity  of  ivater. 

The  amygdalates  are  gummy  and  uncrystallisable.  (Wohler  & 
Liebig.)  The  rotatory  power  of  the  acid  is  not  altered  by  neutrali- 
sation with  baryta  or  ammonia.  (Bouchardat.) 

Amygdalate  of  Baryta.  —  Preparation  see  above.  —  Remains,  when  its 
aqueous  solution  is  evaporated,  in  the  form  of  a  gum,  which  gives  off 
water  at  140°,  becomes  white  and  like  porcelain  at  a  higher  tempera- 
ture, which  may  be  raised  as  high  as  190°,  and  is  then  easily  rubbed 
to  a  fine  powder,  which  greedily  absorbs  from  4  to  7  p.  c.  water,  on 
exposure  to  the  air. 

Wohler  &  Liebig. 
at  190".  mean. 

40  C  240-0     ....     44-91     44-35 

26  H  26-0     ....       4-86     5'03 

24  O  1920     ....     35-92     36*44 

BaO 76-5     ....     14-31     14-18 

C40H26o24^BaO   ....  534-5     ....  100*00     lOO'OO 

So,  according  to  Wohler  &  Liebig;  Gerhardt  {TraiteZ,  201)  writes  the  formula 
C^0H25BaO24,HO. 

Amygdalate  of  Lime.  —  Obtained  by  neutralising  the  acid  with 
milk  of  limo,  and  filtering  through  charcoal  (to  remove  the  excess  of 
lime  ?  ).  Lsevo-rotatory  ;  fa]r  =  —  41*24°  (Bouchardat,  Comi^.  rend. 
19,  1174). 
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Amygdalate  of  Zinc. — By  double  decomposition  of  the  lime-salt  witli 
sulphate  of  zinc,  and  removal  of  the  sulphate  of  lime  with  alcohol. 
Gummy  mass,  having  a  molecular  rotatory  power,  [oL\r  =  —  40*48 
(Bouchardat). 

Amygdalate  of  Lead. — From  aqueous  amygdalates,  ammoniacal  sugar 
of  lead  throws  down  a  white  precipitate,  which  gradually  dissolves 
during  washing.  (Wohler  &  Liebig.) 

Amygdalic  acid  dissolves  sparingly  in  aqueous  alcohol,  but  is 
insoluble  in  absolute  alcohol,  whether  cold  or  boiling,  also  in  ether. 
(Wohler  &  Liebig.) 


Amygdalate  of  Ethyl. 

Wohler.     Ann.  Pharni  66,  240 ;  J.  i^r.   Chem.  44,  382 ;  Pharm.  Centr. 
1848,  840. 

Amygdalic  ether,  Amygdalinsdurevinester.  When  hydrochloric  acid  gas 
is  passed  into  a  pasty  mixture  of  amygdalin  and  alcohol,  the  amygdalin 
chssolves,  and  does  not  separate  on  cooling*.  The  faintly  brown 
liquid,  after  a  few  days,  deposits  sal-ammoniac,  a  further  quantity  of 
which  is  precipitated  on  addition  of  ether.  On  mixing  the  Kquid  with 
a  considerable  quantity  of  ether,  an  acid  aqueous  solution  of  sal- 
ammoniac  falls  to  the  bottom,  and  above  it  there  floats  an  ethereal 
liquid  which  leaves  a  light-brown  syrup  when  evaporated.  This  syrup 
is  heavier  than  water,  and  not  miscible  therewith,  but  dissolves  with 
decomposition  in  warm  water. 


Salicin. 

C26JJ180U  _  c^H^OSC^^H^^O^^ 

Leroux.     J.  Chim.med.  6,  841;  Schw.  59,  356;  Ann.   Chim.  Phys.  43, 

440. 
Braconnot.     Ann.   Chim.  Phys.  44,  296  ;  Pogg.  20,  47 ;  N.  Tr.  23,  2, 

261;  Br.  Arch.  36,    226;  Pepert.  36,  280.  —  J.  Chim.  med.  7,  17; 

Pogg.  20,  621. 
Pelouze  &  Gay-Lussac.     Ann.   Chim.  Phys.  44,  220;  Ann.  Pharm.  1, 

43;  Ann.  Chim.  Phys.  48,  111. 
PiRiA.     1.   Compt.  rend.  6,  388;  J.  p7\  Chem.  13,  500. — 2.  Compt.  rend. 
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Chem.  16,  412  ;   Ann.  Pharm.  29,  300.  1  to  3,  in  detail :  Ann.  Pharm. 

30,    151;    J.   pr.   Chem.  17,  241;    Ann.    Chim.  Phys.  69,  281.-- 
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rend.  19,  602  ;  20,  110  ;  20,  1635. 
Gerhardt.     N.  Ann,  Chim,  Phys,  7,  215 ;  Ann.  Pharm,  45,  19. 
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Discovered  by  Leronx  in  1830,  after  a  previous  attempt  by  Buchner  {Repert.  29, 
417  ;  34,  107)  to  isolate  the  bitter  principle  of  willow  bark.  Keller  {Repert.  39,  268) 
and  Peschier  [J.  Chim.  med.  6,  651  ;  Schw.  61,  208)  ascribed  basic  properties  to 
salicin  ;  Buchner  &  Herberger  {Repert.  37,  58)  regarded  it  as  a  salt ;  their  errors  were 
pointed  out  by  Duflos,  Hopff,  Braconnot,  and  others.  — Chiefly  investigated  by  Piria. 

Occurrence.  In  many  species  of  willow,  but  not  in  all;  most 
abundantly  (to  the  amount  of  3  to  4  p.  c.)  in  the  bark  of  Salix  Helix, 
S.  pentandra  and  >S^.  prcecox,  but  likewise  in  the  leaves,  female  flowers 
and  young  twigs.  The  bark  of  young  willow  and  poplar  branches 
contains  more  salicin  than  that  of  the  older  branches,  and  a  smaller 
proportion  of  substances  which  impede  its  purification;  the  leaves 
contain  a  smaller  quantity,  and  when  they  turn  red  in  the  autumn, 
none  at  all  (Herberger).  The  strong  bitter  taste  of  willow  bark  is  due 
to  salicin ;  sweet  tasting  willow  barks,  like  that  of  Salix  phylicifolia 
(and,  according  to  Duflos,  those  which  are  not  reddened  by  oil  of 
vitriol)  contain  none.  —  In  Salix  alba  (Peschier,  Leroux),  not  according 
to  Braconnot ;  in  S.  amygdalina  (Herberger;  Leroy,  J.  Chim.  med.  14,  87 ; 
Braconnot),  not  according  to  Duflos  ;  not  in  S.  argentea  (Duflos) ;  not 
in  S.  hahylonica  (Herberger),  >S'.  hicolor,  S.  cajjrwa,  S.  daphno'ides,  but  in 
S.Jissa  (Braconnot) ;  in  aS*.  conifera  and  S.  fragilis  (Herberger,  Lasch) ; 
not  in  the  latter,  according  to  Braconnot ;  in  >S'.  hastata  (Peschier, 
Lasch),  >S^.  Helix  (Leroux,  Braconnot;  Gruber,  Oesterr.  med.  Jahrh.  11,^ 
316  ;  Fr.  Esenbeck  &  Becker,  Ann.  Pharm.  4,  33)  ;  S.  incana  (Peschier, 
Buchner),  not  according  to  Braconnot ;  S.  lamhertiana  (Lasch) ; 
S.  mollissima  and  S.  7iigra  (Herberger);  >S'.  pentandra  (Herberger, 
Lasch;  Erdmann,  Berl.  Jahrh.  33,  1,  136);  >S'.  prcecox  (Ve&okieY,  Her- 
berger, Lasch) ;  S.  purpurea  (Lasch,  Herberger ;  Pleischl,  Zeitschr. 
Phys.  Math.  3,  322) ;  in  S.  reticulata,  S.  retusa  and  S.  rubra  (Herberger) ; 
in  S.  Russelliana  according  to  Duflos,  not  according  to  Braconnot; 
not  in  S.  triandra  (Braconnot) ;  in  ;S'.  viminalis,  according  to  Herberger 
&  Hopff ;  not,  according  to  Braconnot ;  in  S.  vitellina  according  to 
Buchner,  Herberger  &  Lasch  {N.  Br.  Arch.  2,  78),  not,  according 
to  Duflos  and  Braconnot.  —  In  the  bark  and  leaves  of  various  species  of 
poplar.  In  Populus  alba  (Braconnot ;  Tischhauser,  Berl.  Jahrh.  34,  2, 
126  ;  Herberger)  ;  not  in  P.  angulosa  or  P.  balsamifera  (Braconnot) ;  it 
exists  in  the  latter,  according  to  Herberger  and  Wittstein  (Pharm. 
Vierteljahr.  6,  47);  in  P.  canescens  (Herberger),  P.  grcBca  and 
P.  tremula  (Herberger,  Braconnot) ;  in  P.  dilatata,  P.  nigra,  P.  tremu- 
lo'ides  (Herberger,  Jahrh.  pr.  Pharm.  1,  157);  not,  according  to 
Braconnot ;  also  not  in  P.  fastigiata,  P.  grandiculata,  P.  monilifera  or 
P,  virginica  (Braconnot).  —  The  herbaceous  spiraeas  mentioned  at 
page  235,  vol.  xii,  contain  salicin,  inasmuch  as  when  distilled  with, 
water  they  yield  salicylous  acid  (Wicke,  Ann.  Pharm.  83,  175).  The 
flower-buds  of  Spircea  ulmaria  yield  a  small  quantity  of  salicylous  acid 
when  distilled  with  water,  more  after  the  addition  of  bichromate  of 
potash,  the  acid  being  doubtless  formed  by  decomposition  of  sahcin 
(Buchner,  N.  Bepert.  2,  1 ;  Ann.  Pharm.  88,  284).  —  Castoreum  canademe 
contains  salicin  (Wohler,  Ann.  Pharm.  67,  360). 

Formation.  By  boiling  populin  with  baryta-  or  lime-water,  or, 
together  with  benzoic  acid,  by  heating  populin  with  alcoholic  ammonia. 
If  the  benzoic  acid  be  precipitated  by  ferric  chloride,  the  excess  of  iron 
removed  by  milk  of  Hme,    and   the   lime  with   carbonic   acid,  the 
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concentrated  filtrate  yields   crystals   of  salicin  (Piria,   A7m.   Pharm. 
96,  375). 

Preparation,  From  willow  or  po2)lar  harh;  according  to  Ilerberger, 
it  cannot  be  obtained  pure  from  poplar  bark,  and  is  therefore  better 
prepared  from  willow  bark,  although  the  latter  contains  less  of  it.  When 
poplar  bark  is  used,  populin  may  crystallise  out,  either  before  or 
together  with  the  salicin  (see  below> 

1.  Six  pounds  of  the  dry  chopped  bark  are  boiled  with  water ;  the 
liquid  is  strained,  concentrated  down  to  18  pounds,  mixed  while  still 
hot  with  2  pounds  of  levigated  oxide  of  lead,  and  digested  for  24  hours. 
The  liquid  is  strained,  the  residue  thoroughly  washed,  and  the  filtrate 
evaporated  to  a  syrup  and  left  to  crystallise.  An  additional  quantity 
of  salicin  is  obtained  from  the  mother-liquors  after  they  have  again 
been  treated  with  oxide  of  lead,  and  the  entire  product  is  purified  by 
repeated  crystallisation  (Duflos,  Schw.  67,  25).  —  2.  The  aqueous  decoc- 
tion of  the  bark  is  precipitated  with  basic  acetate  of  lead ;  the  filtrate 
is  boiled  with  chalk,  till  the  excess  of  the  basic  acetate  is  decomposed, 
and  the  liquid  becomes  clear  and  colourless ;  it  is  then  evaporated  to  an 
extract ;  this  is  exhausted  with  alcohol  of  34°,  and  the  solution  is  left  to 
crystalhse  (Peschier,  Ann.  Chim.  Phys.  44,  418).  —  3.  Sixteen  parts  of 
bark  are  macerated  with  2  pts.  lime  and  with  water  for  24  hours  ;  the 
mixture  is  boiled  for  half  an  hour,  and  strained  ;  the  residue  is  treated 
in  like  manner  with  the  same  quantity  of  lime  as  before ;  and  the  whole 
of  the  hquids  are  decanted  from  the  sediment,  concentrated,  then 
mixed  with  6  to  8  pts.  of  bone-black,  and  evaporated  to  complete  dry- 
ness. The  residue,  after  being  pulverised,  is  exhausted  at  a  gentle  heat 
with  alcohol  of  82  per  cent.,  and  the  alcohol  is  distilled  off  from  the 
tinctures :  the  saHcin  then  crystallises  from  the  residue  in  pale  yellow 
granules,  which  are  purified  by  recrystallisation,  with  help  of  animal 
charcoal  (Erdmann,  Berl.  Jahrh.  33,  1,  136). — 4.  A  layer  of  recenth 
ignited  charcoal  powder  is  placed  at  the  bottom  of  a  Real's  press ;  above 
it,  a  moist  mixture  of  coarsely  pulverised  willow-bark  and  slaked  lime, 
and  the  bark  is  exhausted  with  alcohol  of  80  per  cent.,  which  is  finall}^ 
displaced  by  pouring*  water  upon  the  mass.  The  pale  yellow  Hquid, 
freed  from  alcohol  by  distillation,  yields,  on  evaporation,  crystals  which 
are  obtained  pure  by  washing  with  cold  water  (Fr.  Nees  v.  Esenbeck, 
Br,  Arch,  35,  223). 

Less  simple  modes  of  preparation  are  described  by  Leroux  {Schw.  59,  356),  Her- 
berger  {Repert.  55,  215),  HopfF  {Br.  Arch.  37,  217),  Tischhauser  {Ann.  Pharm. 
7,  280),  Tyson  &  Fischer  (/.  Pharm.  18,  170).     See  above. 

Properties,  Rectangular  laminae  with  well  developed  terminal  sum- 
mits (Biot  &  Pasteur).  Tabular  or  broad  prismatic  crystals  of  thei 
rhombic  or  right  prismatic  system,  mostly  appearing  in  the  form  of 
white  shining  scales,  needles  or  laminae.  Fig.  68  without  the^?-  and  yi 
faces,  t:u=  110°  24' ;  u:u=13d°  12' ;  u:  u  over  t  =  40°  4.S';  t:i  ' 
111°  51';  i:i=^  136°  18'.  Cleavage  at  right  angles  to  the  prismatic 
faces  w,  probably  also  parallel  to  the  face  t,  which  has  a  strong  pearb 
lustre ;  the  other  faces  have  a  pearly,  vitreous  lustre  (Schabus,  Bestimi 
mung.  86).  —  Pleischl  {Zeitschr,  Phys.  Math.  3,  322)  describes  crystals 
of  the  right  prismatic  system  j  inch  long,  and  a  line  in  thickness 
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(Fig.  61),  w:w=  109°  55'  and  70°  5'.  Cleavage  parallel  to;?  and  w. 
This  cleavage  and  the  angles  of  the  prism  do  not  accord  with  the 
determinations  of  Schabus. 

From  the  solution  of  salicin  in  warm  water  acidulated  with  sul- 
phuric acid,  thick,  short,  transparent,  four-sided  prisms  are  obtained 
which  grate  between  the  teeth,  and  are  as  bitter  as  before  this  treat- 
ment (Braconnot).  They  have  the  same  composition  as  ordinary 
saHcin,  and  exhibit  similar  chemical  reactions,  but  cannot  be  obtained 
from  every  kind  of  salicin. 

SaUcin  melts  at  100°  without  loss  of  weight,  and  solidifies  in  the 
crystalline  form  on  cooling  (Piria).  Melts  at  198°  (0.  Schmidt, 
Dessert.  Gott.  1861,  19).  Has  a  very  bitter  taste,  Uke  that  of  the 
willow.  Inodorous,  permanent  in  the  air,  neutral  (Leroux,  Gay- 
Lussac  &  Pelouze).  Not  poisonous ;  produces  unpleasant  symptoms 
only  when  taken  in  doses  of  an  ounce  daily  (Ranke).  Sp.  gr.  1*426  to 
1-434  at  16°  (Piria).  Lee vo -rotatory,  [a]r  =  —  71*7°  to  73-4° 
(Bouchardat  Compt.  rendj  18,  298). 

J.  Gay-Lussac          Otto  &            Marchand.  Piria. 

&  Pelouze.          Erdmann.             mean.  mean. 

26  C 156     ....     54-54     ....     54*02     54*51     5455     ....  54*43 

18  H 18     ....       6-29     ....       6*38     6*39     6*32     ....  6*38 

14  0 112     ....     39*17     ....     39-60     39*10     3913     ....  39*19 

C26H18014  ....  286     ....  10000     ....  100*00     100*00     100*00     ....  100*00 

Piria*8  silicin,  which  was  obtained  from  populin,  agreed  in  specific  gravity,  solubility 
(Piria),  and  molecular-rotatory  power  (Biot  8c  Pasteur,  Compt.  rend.  34,  607)  with 
willow  salicin. — Earlier  formulae  (and  analyses)  of  salicin,  C^H^O^  (J.  Gay-Lussac  & 
Pelouze,  Ann.  Pharm.  1,  43;  Ann.  Chim.  Phys.  48,  111);  C^^H^SQ^^  (Piria  ;  Erd- 
mann  &  Marchand,  J.  pr.  Chem.  15,  302;  Otto,  Ann.  Pharm,  29,  294;  Otto  & 
Erdmunn,  J.  pr.  Chem.  17,  305  ;  Marchand,  J.  pr.  Chem.  17,  306  ;  Mulder,  /.  pr. 
Chem.  17,  299) ;  C^m^^O"^^  (Liebig,  Ann.  Pharm.  30,  185)  ;  C^IY'^O^^  (Marchand, 
J.  pr.  Chem.  26,  392V  Piria  established  the  true  formula  by  examination  of  the 
products  of  decomposition.  See  also  Berzelius  {Jahresber.  23,  496;  24,  525),  Ger- 
hardt  {N.  Ann.  Chim.  Phijs.  7,  215),  Marchand  (/.  pr.  Chem.  30,  251). 

Decompositions.  1.  SaKcin  kept  for  some  time  in  the  melted  state, 
acquires  a  brown  colour,  and  a  resinous  friable  consistence  (J.  Gay- 
Lussac  &  Pelouze).  At  a  stronger  heat  it  swells  up,  chars  with 
smoke  (Hopff),  and  yields  by  dry  distillation  an  acid  watery  Hquid, 
and  a  large  quantity  of  brown  oil,  soluble  in  potash-ley,  but  free  from 
benzoic  acid  (Braconnot).  When  saUcin  is  heated  to  260°,  water  and 
salicylous  acid  are  given  off,  together  with  acid  vapours  having  an  odour 
of  caramel,  and  there  remains  a  yellow  residue  insoluble  in  water, 
which  turns  brown  and  ultimately  chars  (Gerhardt).  By  dry  distillation  a 
heavy  yellow  oil  is  obtained  which  boils  above  250°,  contains  more  carbon  than  salicy- 
lou.s  acid  (72*60  C.  and  6*84  H.),  and  when  treated  with  potash-ley,  yields  salicylous  acid 

(Marchand)).  —  2.  By  the  current  of  a  Bunsen's  battery  of  400  pairs 
salicin  is  resolved  into  glucose  and  saligenin  which  latter  is  then  con- 
verted into  salicylous  and  ultimately  into  sahcyhc  acid.  A  brown  sub- 
stance is  formed  at  the  same  time  (Tichanowitsch,  Petersh.  Acad.  Bull. 
4,  80;  abstr.  Chem.  Centr.  1861,  613).  — 3.  Salicin  is  not  altered  by 
ozone.     (Gorup-Besanez,  Ann.  Pharm.  110,  106.) 

4.  Peroxide  of  lead  boiled  with  aqueous  saUcin  gradually  turns  brown 
and  dissolves  in  the  form  of  formate  of  lead  and  a  compound  of  salicin 
with  lead-oxide.     Sulphuric  acid  added  to  the  filtrate  throws  down  a 
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mixture  of  sulphate  of  lead  and  rutilin  (Stenhouse  Phil  Mag.  J.  19, 
39;  J.  pr.  Chem.  26,  138). — When  salicin  is  heated  with,  peroxide  of 
lead,  peroxide  of  manganese,  or  hichromate  of  potash,  and  sulphuric  acid, 
formic  and  carbonic  acids  are  produced,  in  the  last  case  also  salicylous 
acid  (Piria).  When  more  than  3  pts.  oil  of  vitriol  are  used  to  4  pts.  of 
bichromate  of  potash,  saliretin  is  obtained  instead  of  salicylous  acid 
(Piria).  —  Dobereiner  {Ann.  Pharm.  3,  146)  obtained  a  large  quantity 
of  formic  acid  from  salicin  by  the  action  of  manganese  and  sulphuric 
acid.  See  also  xii,  236.  —  Salicin  reduces  permanganate  of  potash  (Duflos, 
Schw.  61,  214). 

5.  In  chlorine-gas  salicin  changes  to  a  red,  resinous,  turpentine-like 
mass,  while  a  large  quantity  of  hydrochloric  acid  is  given  off.  —  When 
chlorine-gas  is  passed  into  a  mixture  of  salicin  and  water,  chloro-  and 
bichloro-salicin  are  successively  produced  (Piria).     Formerly  Piria  likewise 

obtained  a  product  which  he  subsequently  regarded  as  a  mixture  of  bi-  and  per-chlorosalicin. 

—  If  the  mixture  be  heated  to  60°  during  the  passage  of  the  chlorine,  a 
red  oil  is  separated,  probably  bichlorosaliretin,  resulting-  from  the  de- 
composition of  bichlorosalicin  by  hydrochloric  acid  (Piria).  Bromine 
and  iodine  likewise  act  upon  salicin,  with  evolution  of  heat,  and 
form  resinous  bodies  similar  to  those  which  they  produce  from 
phlorizin  (De  Koninck).  —  When  salicin  is  distilled  with  chloride  of  lime 
and  water,  chloropicrin  (xi.  216)  is  obtained,  but  no  chloranil  (Stenhouse, 
Ann.  Pharm.  55,  4 ;  QQ,  247).  Aqueous  chloride  of  lime  does  not  form 
a  yellow  precipitate  with  salicin.  —  When  soda-ley  is  poured  upon 
salicin,  and  iodine  or  bromine  added  till  coloration  is  produced,  and  the 
liquid  evaporated  in  vacuo,  salicylous  acid  is  produced,  but  no  salicyHc 
acid.     (Lefort,  Compt.  rend.  23,  229.) 

6.  Salicin  immersed  in  cold  oil  of  vitriol  forms  a  fine  purple-red  solu- 
tion, from  which  water  throws  down  a  dark-red  powder,  Braconnot's 
rutilin  (Braconnot).  The  solution  formed  at  10°  is  decolorised  by 
water ;  that  produced  at  30°  is  not ;  both  solutions  contain  olivin, 
rutilin,  and  rufisulphuric  acid  (Mulder).  With  oil  of  vitriol,  salicin 
yields  rutilin  and  glucose  (or  products  of  its  decomposition).  (Piria.) 
Aqueous  saUcin  is  also  reddened  by  oil  of  vitriol  (Duflos,  Schw.  67,  25). 

When  salicin  is  added  to  oil  of  vitriol,  there  is  formed,  as  it  dis- 
solves, a  bright  red  liquid,  which  loses  its  colour  and  deposits  a  red 
powder,  if  the  oil  of  vitriol  is  allowed  to  absorb  water  from  the  air,  but 
remains  coloured  if  the  oil  of  vitriol  is  diluted  by  addition  of  water, — 
also  after  neutralisation  with  alkalis.  If  the  solution  be  diluted  with 
its  own  weight  of  water  and  neutralised  with  pulverised  carbonate  of 
potash,  sulphate  of  potash  is  precipitated  mixed  with  rutilin ;  the  latter 
when  isolated  by  washing  with  water,  has  a  yellowish  liver-red 
colour,  is  tasteless,  and  insoluble  in  water,  alcohol,  and  glacial  aceti 
acid,  even  at  the  boiling  heat.  It  is  turned  violet-red  by  alkahs,  with 
out  dissolving,  brighter  red  by  acids,  and  dries  up  to  a  black-brown 
powder  which  yields  picric  acid  with  nitric  acid,  and  leaves  a  large 
quantity  of  charcoal  when  heated.  This  formation  of  rutilin  (Kkewise 
produced  from  popuhn)  is  attended  with  complete  decomposition  of  the 
salicin.     (Braconnot,  J.  Chim.  med.  17,  17;  Pogg.  20,  621.) 

a.  Mulder's  Olivin.  —  When  2  or  3  grammes  of  sahcin  are  immersed 
in  oil  of  vitriol  at  15°,  and  the  product  is  washed  with  water  and  dried 
at  130°,  an  olive-green  crystalHne  product  is  obtained,  containing  on 
the  average  68*67  p.  c.  C,  4*81  H.,  and  26'52  0.,  and  answering,  accord- 
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ing  to  Mulder,  to  the  formula  C**H''0*.  No  other  product  appears  to 
be  formed  (therefore  perhaps  salicin  minus  7  at.  water  =  C26H"07. — Kr.).  —  This 
olivm,  when  heated,  gives  off  the  odour  of  salicylous  acid,  and  after- 
wards empyreumatic  products.  It  is  insoluble  in  boiling  hydrochloric 
and  dilute  sulphuric  acids,  but  dissolves,  with  violet  colour,  in  warm  oil 
of  vitriol.  When  heated  with  nitric  acid,  it  is  first  dissolved  with  red 
colour,  and  then  decomposed.  Insoluble  in  water,  boiling  potash-ley, 
alcohol,  and  ether.  (Mulder.) 

b.  Mulder's  Butilin  {containing  Sulphuric  Acid).  —  When  larger  quan- 
tities of  salicin  are  introduced  into  oil  of  vitriol,  part  of  it  cakes 
together  to  a  brown  mass,  enclosing  still  unaltered  sahcin.  If  this 
mass  be  freed  by  decantation  from  the  greater  part  of  the  oil  of  vitriol, 
then  shaken  up  with  absolute  alcohol,  pulverised,  and  washed  with 
water  and  alcohol,  rutilin  remains  behind  ;  it  might  also  be  separated 
by  agitating  with  absolute  ether  the  mass  which  remains  after 
decanting  the  oil  of  vitriol,  removing  the  upper  milk-white  layer  of 
liquid,  and  precipitating  the  lower  violet-blue  liquid  with  absolute 
alcohol.  This  rutilin,  according  to  the  temperature  at  which  it  has 
been  prepared,  appears,  either  as  a  violet  translucent  jelly,  which  dries 
up  to  a  violet  powder  or  (at  a  higher  temperature,  between  30°  and 
70°)  as  a  hard  brown  powder.  It  dissolves  with  red  colour  in  oil  of 
vitriol,  also  in  nitric  acid,  and  is  decomposed  when  heated  therewith. 
After  drying,  it  is  insoluble  in  boiling  potash-ley,  but  is  taken  up  by  it 
in  presence  of  excess  of  sulphuric  acid,  and  then  separates  on  evapora- 
tion. It  is  insoluble  in  water,  alcohol  and  ether.  The  products  formed 
at  40°,  55°,  and  70°  respectively,  and  dried  at  130°,  differ  from  one 
another  in  composition.  (Mulder.) 

at  40°.  at  55°.  at  70"'. 

C  65-28  59-42  64-48 

H 4-65  4-05  4-59 

O  14-33  14-73  19-63 

S03  15-74  21-80  11-30 

100-00     100-00     100-00 

Mulder  regards  these  substances  as  compounds  of  a  radical  C^^H*',  with  variable 
quantities  of  oxygen  and  sulphuric  acid.     See  his  formulae  (J.pr.  Chem.  18,  364). 

c.  Mulder's  Hufisulphuric  acid. — Contained  in  the  red  sulphuric  acid 
solutions,  produced  by  the  action  of  oil  of  vitriol  on  salicin,  and 
obtained  in  the  form  of  a  Hme-salt,  by  diluting  the  sulphuric  acid 
solution  with  water,  nentrahsing  with  chalk,  and  evaporating  the  red 
filtrate.  If  the  solutions,  when  evaporated,  deposit  rutihn  in  brown 
flocks,  and  becomes  acid  at  the  same  tune,  the  flocks  of  rutilin  must 
be  removed,  the  liquid  again  neutrafised  with  chalk,  evaporated,  and 
so  on  as  long  as  the  solution  continues  to  turn  acid.  The  unaltered 
salicin  may  be  removed  from  the  residue  by  alcohol.  The  lime-salt  (a) 
forms  a  chesnut-brown  powder,  which  dissolves  in  a  small  quantity  of 
water,  but  is  insoluble  in  alcohol.  In  oil  of  vitriol  it  dissolves  with  red 
colour,  which  disappears  on  addition  of  water ;  in  dilute  acids  without 
coloration.  Another  Hme-salt  (b)  is  obtained  in  the  form  of  a  jelly,  by 
neutralising  the  sulphuric  acid  solution  with  chalk,  and  precipitating 
with  alcohol.  On  dissolving  this  jelly  in  water  and  evaporating, 
sulphate  of  lime  separates  out,  while  the  salt  a  remains  in  solution. 
At  130°,  the  lime-salt  a  contains  22-48  p.  c.  SO',  8*06  CaO.,  4-18  H., 
and  about  40  C;  and  6  contains  32*37  p.c.  SO*,  10-44  CaO,  3-30H.,  and 

2  p  2 


436    GLUCOSIDES  WITH  14  AT.  CARBON  IN  THE  COPULA. 

33*3  C.  Mulder  estimates  the  carbon  at  a  higher  amount,  supposing  that  carbonate 
of  b'me  remained  behind  in  the  combustion.  He  regards  the  salts  as  compounds  of 
sulphuric  acid,  water  and  lime,  with  a  body  C^'^H'^O^,  said  also  to  be  produced  under 
similar  circumstances  from  phlorizin.  (Mulder,  J.  pr.  Chem.  18,  356.) 

Salicin  boiled  with  c?i7w^e  sw/pAwnc  {ov  hydrochloric)  acid  is  resolved 
into  saliretin  (xii,  231)  and  glucose.  If  the  liquid  be  heated  only  till 
it  begins  to  show  turbidity  (at  80°),  and  then  cooled,  the  solution  will 
be  found  to  contain  saligenin,  which  is  therefore  produced  before 
the  saliretin,  but  is  converted  into  the  latter  before  all  the  salicin 
is  decomposed.  (Piria.) 

Formation  of  sahgenin :  C^H^sO^*  +  2H0  =  C^HSQ*  +  C^'^H^'^O^^  — 
The  transformation  takes  place  even  when  the  air  is  excluded.  (Piria.) 
The  complete  decomposition  is  difficult,  so  that  variable  quantities  of 
glucose  are  produced  (Roser,  Ann.  Pharm.  74,  184)  yi^-  pt.  of  hydro- 
chloric acid  mixed  with  aqueous  salicin  does  not  alter  its  rotatory 
power  at  10°  in  48  hours  (Bourchadat,  Compt.  rend.  18,  298).  When 
the  solution  in  dilute  hydrochloric  acid,  which  is  easily  formed, 
is  evaporated  on  a  glass  plate,  unaltered  salicin  remains,  but  hot 
hydrochloric  acid  acts  in  the  same  manner  as  boiling  dilute  sulphuric 
acid.  (Braconnot).  —  When  hydrochloric  acid  gas  is  passed  into  alco- 
hoHc  salicin,  a  splendid  purple-red  liquid  is  formed,  from  which  water 
precipitates  saliretin.  (Roser.) 

7.  When  small  quantities  of  hydrochloric  acid  are  added  to  a  solu- 
tion of  salicin  and  chlorate  of  potash  in  boiling  water,  the  mixture 
acquires  a  deep  orange-yellow  colour,  gives  off,  with  brisk  effervescence, 
the  products  of  the  decomposition  of  chloric  acid,  together  with  a 
large  quantity  of  carbonic  acid,  and  becomes  covered  with  crystals  of 
chloranil,  see  xi,  196  (A.  W.  Hofmann,  Ann.  Pharm.  52,  64).  A  peculiar 
oil  is  formed  at  the  same  time.  (Stadeler,  Ann.  Pharm.  69,  327). 
Aqueous  iodic  acid  at  110°  oxidises  only  |  of  the  carbon  of  salicin, 
unless  it  is  employed  in  large  excess  (Miflon,  Compt.  rend.  19,  271  ; 
N.  Ann.   Chim.  Phys.  13,  37.) 

8.  Cold  concentrated  nitric  acid  dissolves  saUcin  more  abundantly 
than  water,  but  does  not  decompose  it ;  in  fact  on  saturating  the  liquid 
(immediately  ?  Kr.),  the  salicin  is  recovered  with  all  its  properties. 
(Braconnot).  —  By  the  prolonged  action  of  nitric  acid  on  salicin,  there 
are  produced,  according  to  the  temperature  and  strength  of  the  acid, 
helicoidin,  helicin,  anilotic  or  nitrosalicylic  acid,  and  lastly,  if  the 
salicin  is  heated  with  excess  of  nitric  acid,  the  products  are  picric 
acid  and  oxalic  acid. 

a.  When  nitric  acid  of  20°  Bm.  is  poured  upon  salicin  at  the  tem- 
perature of  the  air,  and  left  to  stand  in  an  open  vessel,  the  solution 
which  is  yellow  at  first,  deposits  crystals  of  helicin  : — 

C26H18014    +    20    =   C26H16014    +    2H0. 

Sometimes  helicoidin  is  obtained  instead  of  hehcin,  especially  if  the 
nitric  acid,  has  a  specific  gravity  of  about  12  °  Bm.  ^N  o  gas  is  evolved  in  ■ 
the  reaction  (except  hyponitric  acid),  but  by  the  further  action  of  thej 
nitric  acid  on  previously  formed  hehcin,  saMcylous  acid  is  also  produced.] 
(Piria.) 

b.  The  same  mixture  set  aside  in  a  closed  vessel,  so  that  th< 
hyponitric  acid  cannot  escape,  slowly  deposits  between  10°  and  15* 
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crystals  of  anilotic  or  nitrosalicylic  acid  (xii,  305)  the  quantity  of  which 
continually  increases  after  a  week,  whilst  little  or  no  more  helicin  is 
produced. 

C26H18014   +    40    f   N05,H0   =  C"XH50«   +    C12H12012   +   2HO. 

Piria  regards  anilotic  and  nitrosalicylic  acids  (the  identity  of  which  was  assumed  at 
vol.  xii,  p.  305,  on  the  authority  of  Major)  as  distinct  but  isomeric  acids,  and  likewise 
maintains  the  opinion,  against  Major,  at  a  later  date  {Cimento,  2,  299  ;  Ann.  Pharm. 
97,  254).  On  the  other  hand,  Werther  {J.  pr.  Chem.  76,  449),  Major  and  Strecker 
{Ann.  Pharm.  105,  299)  found  that  the  two  acids  are  identical. 

c.  Salicin  treated  with  8  pts.  nitric  acid  yields  picric  acid  (xi,  211)  and 
oxalic  acid.  (Braconnot.)  Mixed  with  excess  of  nitric  acid  diluted  with 
10  times  its  bulk  of  water,  and  heated  once  or  twice  to  the  boiling  point, 
it  turns  yellow,  gives  off  red  vapours  with  an  odour  of  salicylous  acid, 
and  when  left  at  rest,  deposits  that  acid  in  the  form  of  an  oil.  On 
again  heating  the  hquid  to  the  boiling  point,  it  becomes  clear,  and 
after  some  time,  deposits  on  cooling,  needles  of  nitrosalicylic  acid, 
which  by  longer  boiling  are  converted  into  picric  acid.  (Gerhardt.) 

9.  In  contact  with  fluosilidc  alcohol  (obtained  by  passing  gaseous 
fluoride  of  silicium  to  saturation  into  absolute  alcohol  kept  cool  with 
ice),  salicin  acquires,  after  some  time,  a  fine  crimson  colour.  (W.  Knop, 
J.  pr.  Chem.  74,  62.) 

10.  When  a  3  p.  c.  aqueous  solution  of  osmic  acid  is  poured  upon 
salicin,  the  latter  dissolves  to  a  colourless  liquid,  which  even  at  ordi- 
nary temperatures,  and  more  quickly  when  heated,  becomes  yellow, 
brown  and  black,  from  separation  of  osmic  oxide,  and  emits  an  odour 
of  salicylous  acid,  that  of  the  osmic  acid  disappearing  at  the  same 
time.  On  distilhng  the  Hquid  (with  further  addition  of  osmic  acid), 
aqueous  salicylous  acid  is  obtained,  while  salicyHc  and  oxalic  acids 
remain  behind.  (Buttlerow.) 

11.  Salicin  added  by  small  portions  to  boihng  soda-ley  dissolves 
with  effervescence,  and  the  solution,  after  the  alkali  is  saturated, 
deposits  saliretin.  On  distilling  the  solution,  after  neutralising  with 
an  acid,  saHcylous  acid  passes  over,  and  a  residue  is  left  containing 
salicylic  acid  and  a  brick-red  powder  (Bouchardat,  Compt.  rend.  19,  1179; 
see  also  below).— When  saHcin  is  added  by  small  portions  to  melting 
hydrate  of  potash,  the  mass  becomes  brown  and  hot,  then  swells  up, 
gives  off  hydi'ogen,  and  becomes  colourless  again.  The  residue  con- 
tains salicylate,  oxalate,  and  perhaps  also  carbonate  of  potash.  If  a 
sufiicient  excess  of  potash  is  not  used,  the  chief  products  obtained  are 
sahcylous  acid  and  a  brown  resin,  instead  of  sahcylic  acid.  —  When 
salicin  is  more  strongly  heated  with  potash-hydrate,  the  mass  blackens 
and  gives  off  carbolic  acid.  (Gerhardt).  —  Salicin  distilled  with  4  pt.  lime, 
yields  Stenhonse's  salicone,  which  is  a  mixture  of  carbolic  and  salicylous  acids  (Ger- 
hardt), while  charcoal  and  carbonate  of  lime  remain  behind. 

12.  Sulphate  and  hydrochlcrate  of  ferric  oxide  colour  salicin  brown, 
but  without  forming  anj^  precipitate.  The  liquid  when  boiled  becomes 
colourless  and  deposits  an  ochre- yellow  precipitate.  On  evaporating 
the  filtrate  to  dryness,  and  treating  the  residue  with  absolute  alcohol, 
ferrous   sulphate   remains   undissolved,   and   the    alcohol    yields   by 
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evaporation  crystals  different  from  salicin  (De  Koninck,  Memoire  sur  la 
Phlorizine,  13). 

13.  When  salicin  is   brought  in  contact  with  water  and  emulsin 
(xii,  233)  at  a  temperature  not  above  40°,  it  is  completely  resolved  in 
the^course  of  10  or  12  hours,  into  saligenin  and  glucose ; 
C26H18014   +   2H0  =  C14H804   +   C12H12012.     (Piria.) 

Respecting  the  sugar  thus  produced,  seepage  348  of  this  volume.  The  transforma- 
tion is  not  dependent  on  the  presence  of  yeast ;  it  is  not  prevented  by 
prussic  acid,  cupric  sulphate,  or  cyanide  of  mercury  (Bouchardat, 
Compt.  rend.  19,  602),  but  retarded  by  addition  of  1  pt.  caustic  soda, 
oil  of  vitriol,  nitric  acid  or  hydrochloric  acid  to  100  pts.  of  the  sahcin, 
and  in  a  less  degree,  if  lime  or  magnesia  be  added,  instead  of  the 
substances  just  mentioned  (Bouchardat,  Compt.  7'end.  20,  110).  The 
action  of  emulsin  is  retarded  by  the  presence  of  acetic  or  tannic 
acid  (Seelheim).  —  When  tannic  acid  is  added  to  a  mixture  of  emulsin 
and  sahcin,  the  greater  part  of  the  sahcin  is  found  unaltered  at  the  end 
of  6  weeks,  and  partly  crystallised  out.  The  mother-liquor  treated 
with  an  additional  quantity  of  emulsin,  and  again  set  aside,  yields, 
after  evaporation,  another  portion  of  sahcin,  together  with  sahgenin 
and  galhc  acid,  but  no  saliretin  is  produced  (by  the  action  of  the  acids  on 
the  saligenin).  (Seelheim,  Dissert.  Gottingen,  I860.)  —  Sahcin  dissolved  in 
water,  in  contact  with  i/east  and  bicarbonate  of  soda,  decomposes  in 
the  course  of  three  weeks,  with  formation  of  saligenin  and  salicylous 
acid  (Ranke).  — 14.  By  digestion  with  saliva,  at  38°  or  40°,  it  is  de- 
composed in  a  few  horn's  in  the  same  manner  as  by  emulsin.  The 
quantity  of  saliva  which  can  be  collected  in  a  quarter  of  an  hour  is 
capable  of  decomposing  1  gramme  (or  more)  of  sahcin  (Stadeler,  J.  pr, 
Chem.  72,  350;  N.  J.  Pharm.  33,  127).  — 15.  After  the  ingestion  of 
salicin,  salicylous  and  sahcylic  acids  are  found  in  the  urine.  (Laveran 
&  Mellon,  N.  Ann.  Chim.  Phys.  12,  145).  After  large  doses,  unaltered 
salicin  is  found  together  with  saligenin,  and  perhaps  also  carbolic  acid 
(Ranke,  J.  pr.  Chem.  56,  1);  {see  Handb.\iu,  Zoochem.AOi).  Diastase  does 
not  act  upon  salicin  at  40°  (Stadeler). 

Sahcin  dissolves  in  cold  wafer ;  more  freely  and  perhaps  in  all  pro- 
portions, in  boihng  water  (Pelouze  &  J.  Gay-Lussac).  It  dissolves  in 
14  pts.  water  at  17°  (Braconnot),  in  17*85  pts.  at  19-5°  (J.  Gay- 
Lussac  &  Pelouze),  in  28*57  pts.  at  common  temperatures  (Bouchardat), 
in  30-31  pts.  at  11*5°  (Piria). 

It  neither  saturates  acids  nor  combines  with  them.  It  does  not 
undergo  any  alteration  of  rotatory  power  by  contact  with  ammonia 
(Bouchardat),  neither  does  it  form  a  coloured  compound  (correspond- 
ing to  phlorizin)  when  exposed  to  the  air  in  contact  with  ammonia 
(Mulder). 

It  dissolves  in  aqueous  alkalis  more  easily  than  in  water.  —  When  a 
solution  of  salicin  in  water  is  mixed  with  i  pt.  potash-hydrate  and 
evaporated,  there  remains  an  uncrystaUisable  honey  from  which  acids 
separate  sahcin  (Braconnot)  :  see  above.  —  Salicin  does  not  neutralise 
lime-water  when  boiled  with  it.  Aqueous  salicin  does  not  precipitate 
metallic  salts. 

Lead- compound  of  Salicin.  —  Aqueous  salicin  neither  dissolves  lead-oxide  nor 
precipitates  neutral  or  basic  acetate  of  lead.     (Pelouze  &  Gay-Lussac.)     Salicin  give* 
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off  water  when  heated  with  oxide  of  lead,  but  may  be  recovered  unaltered  by  means  of 

hydrosulphuric  acid,  even  after  being  heated  to  142°,  (Mulder,  J.  pr.  Chem.  17,  298). 

The  compound  is  obtained  by  adding  basic  acetate  of  lead,  drop  by 
drop,  to  a  hot  concentrated  aqueous  solution  of  salicin,  till  about  half 
the  sahcin  is  precipitated,  and  washing  the  product  with  de-aerated 
water  out  of  contact  with  the  air.  —  It  is  a  white,  light  powder 
resembling  starch.  Tastes  sweetish  and  bitter.  Does  not  give  off 
any  water  when  heated  to  200°.  It  is  coloured  deep  red  by  oil  of 
vitriol,  and  decomposed  by  acids,  with   separation  of  sahcin.     It  dis- 
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When  aqueous  salicin  is  mixed  with  cupric  sulphate  and  excess  of 
potash-ley,  the  precipitate  formed  at  first  dissolves  to  a  blue  liquid, 
which  becomes  turbid  at  a  temperature  below  100°,  and  deposits  flocks 
which  turn  green,  and  after  longer  boiling,  brown.  (Lassaigne, 
/.  Chim.  med.  181,  417.) 

Salicui  does  not  dissolve  in  alcohol  more  freely  than  in  water 
(Braconnot).  It  dissolves  in  acetic  acid,  but  is  obtained  in  its  original 
state  on  evaporating  the  solution  to  dryness  (Braconnot,  Ilopff).  — 
It  is  insoluble  in  ether.  —  It  dissolves  in  cold  and  more  abundantly  in 
warm  creosote  (Reichenbach).  It  is  not  precipitated  from  its  aqueous 
solution  by  tincture  of  galls  or  by  gelatin  (Pelouze  &  J.  Gay-Lussac). 


Helicin. 

Q26ni60»*  =  C^IPOSC^^H^oQ". 

Piria.     N.  Ann.   Chim.  Phys.  14,   287  ;  Ann.  Pharm.   56,   64 ;  /.  pr. 
Chem.  36,  321. 

Formation.  1.  By  treating  salicin  with  nitric  acid  (p.  436). — 
2.  By  boiling  benzo-helicin  with  magnesia  (Piria,  Ann.  Pharm.  96,  380). 

Preparation.  1  pt.  of  pulverised  salicin  is  covered  with  10  pts. 
of  nitric  acid  of  20°  Bm.,  and  left  to  stand  in  an  open  vessel,  with 
occasional  stirring,  till  the  yellow  solution,  smelling  of  salicylous  acid, 
which  forms  in  about  24  hours,  has  re-solidified  to  a  cr^^stalline  pulp, 
from  formation  of  hehcin.  This  pulp  is  freed  from  the  mother  Uquor 
by  pressure  and  washing  with  cold  water ;  from  traces  of  anilotic  acid 
formed  at  the  same  time,  by  washing  with  ether ;  and  then  crystallised 
from  boiling  water. 

Properties.  Anhydrous  heUcin,  obtained  by  heating  the  crystaUised 
compound   to   100°,   melts   at   about   175°    to   a  trtmsparcnt  hquid, 
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resembling-  palm-oil  in  colour  and  consistence,  and  solidifies  in  a  crystal- 
line mass  on  cooling.  —  Inodorous.  Tastes  slightly  bitter,  somewhat 
like  salicin.     Neutral. 

Decompositions.  1.  Helicin,  melted  for  some  time  over  the  oil-bath, 
gives  off  water  and  salicylous  acid,  the  residue  thereby  becoming  more 
fusible,  and  ultimately  solidifying  on  cooling,  though  not  immediately, 
to  a  yellow  opaque  resin.  This  resin  is  nearly  insoluble  in  boiling 
water  and  hi  alcohol,  still  exhibits  with  potash  the  reaction  of  hehcin, 
and,  when  boiled  with  very  dilute  hydrochloric  acid,  is  partially  decom- 
posed, with  evolution  of  salicylous  acid,  the  greater  part,  however, 
reappearing  when  cold  as  crystalhsed  helicin.  —  2.  The  solution  of 
hehcin  in  nitric  acid  of  13°  or  20""  Bm.,  set  aside  over-night,  is  found 
to  contain  a  large  quantity  of  salicylous  acid.  —  3.  Bromine  converts 
helicin  into  bromohelicin.  Aqueous  and  alcoholic  hehcin  are  converted 
by  chlorine  into  a-  and  /3-chlorohelicin.  —  4.  Oil  of  vitriol  colours 
helicin  orange-yellow,  and  then  dissolves  it.  —  5.  When  hehcin  is 
boiled  with  very  dilute  sulphuric  or  hydrochloric  acid,  salicylous  acid  is 
given  off  and  glucose  remains  in  solution.  A  similar  but  weaker  and 
less  complete  decomposition  is  produced  by  oxalic,  citric  and  tartaric 
acids.  —  6.  When  helicin  is  heated  with  potash  or  soda-ley  the  solution 
turns  yellow  from  formation  of  sahcyhte  of  potash,  and  the  helicin  is 
completely  decomposed.  Baryta  and  lime  act  in  a  similar  manner ; 
ammonia  and  the  alkaline  carbonates  less  strongly.  — 7.  By  aqueous 
emulsin,  helicin  is  resolved  into  salicylous  acid  and  glucose.  By  dis- 
tiUing  the  mixture  for  some  hours,  the  whole  of  the  salicylous  acid  is 
obtained  which  the  helicin  is  capable  of  yielding,  and  the  solution 
filtered  from  the  coagulated  emulsin  contains  the  sugar  : 

C26H16014  +   2H0  =  Ci^H^O*  +   C^Hi20i2. 

8.  A  mixture  of  helicin  with  yeast  which  has  stood  for  some  hours, 
contains  sahcylous  acid,  and  gives  off  gas  when  shaken. 

Combinations.  With  Water.  —  Crystallised  Helicin.  Slender  white 
needles  grouped  in  tufts  and  radiate  masses.  Between  100°  and  113° 
it  gives  off,  on  the  average,  4*17  per  cent,  of  water  (calc.  4-54  p.c). 

Piria. 
Crystals.  mean. 

52  C  312     ....     52-44     52*36 

35  H 36     ....       5-88     6'03 

31  0 248  ....  41-68  41-61 

2(C26Hi60")  +  3aq 595  ....  100*00  100*00 

Crystallised  hehcin  dissolves  in  64pts.  water  at  8°,  and  very  easily 
in  boiling  water. 

It  does  not  unite  with  bases,  but  potash  and  soda  increase  its 
solubihty  in  water.  The  aqueous  solution  has  no  action  on  chloride 
of  barium,  chloride  of  calcium,  zinc-salts,  nitrate  or  acetate  of  lead,  basic 
acetate  of  lead,  sesquichloride  of  iron,  cupric  salts,  corrosive  sublimate  or 
nitrate  of  silver. 

It  is  more  soluble  in  alcohol  than  in  water,  but  insoluble  in  ether. 
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Helicoidin. 

C62IJ34028  _  c^^H«0*,Ci*H«OS2C^2Hiooio, 

PiRiA.     An?i.  Pharm.  56,  69  ;  N.  Ann.  Chim.  Phys.  14,  292. 

Formed  by  disolving  salicin  in  nitric  acid  of  12°  B.  (therefore  also 

instead  of  helicin  when  the  acid  used  for  the  preparation  of  that  substance  is  too  weak) 
and  crystallises  from  the  solution  after  some  days.  —  Needles  similar 
to  helicin,  which  may  be  obtained  pure  by  washing  with  cold  water  and 
one  recrystallisation  from  boihng  water. 


Piria. 

Crystals. 

mean. 

52  C 

312     ... 

.     52-26     ... 

....     52-33 

37  H 

37     ... 

.       6-19     ... 

....       6-30 

31  O 

248     ... 

.     41-55     ... 

....     41-37 

C52H34028+3aq. 

....  597     ... 

.  100-00     ... 

....  100-00 

Helicoidin  may  be  regarded  as  imperfectly  oxidised  salicin,  but  not  as  a  mixture  of 
salicin  and  helicin,  inasmuch  as  such  a  mixture  would  not  produce  saligenin  with 
alkalis. 

Helicoidin  is  converted  by  emulsin  into  glucose,  salicylous  acid  and 
saligenin.  On  distilling  it  after  decomposition,  saHcylous  acid  passes 
over,  whilst  glucose  and  saligenin  crystaUise  from  the  concentrated 
residue.  —  By  alkalis  and  acids,  it  is  decomposed  in  the  same  manner 
as  by  emulsin ;  in  the  latter  case,  however,  sahretin  is  obtained 
instead  of  sahgenin.     In  other  respects  heUcoi'din  behaves  like  hehcin. 


Populin. 

C«H220^«  =  C^*H«O^C"H'O^C'«Hl«0^<'. 

H.  Braconnot.  Ann.  Chim.  Phys.  44,  296 ;  Pogg.  20,  47 ;  N.  Tr.  23, 
2,  261 ;  Br.  Arch.  36,  226;  Schw.  61,  197;  Repert.  36,  280;  Berz. 
Jahresher.  11,  286.  —  /.  Chim.  med.  7,  21. 

Herberger.     Rei^ert.  55,  214. 

De  Koninck.     Rev.   Scient.  1,  332. 

Piria.  Compt.  rend.  34,  138;  JST.  Ann.  Chim.  Phys.  34,  278;  Ann. 
Pharm.  81,  245 ;  J.  pr.  Chem.  55,  321 ;  Pharm.  Centr.  1852,  151 ; 
Chem.  Soc.  Qu.  J.  5,  8.  —  Cimento,  1,  198  ;  abstr.  Ann.  Pharm.  96, 
375 ;  J.  pr.  Chem.  67,  274 ;  N.  Ann,  Chim.  Phys.  44,  366 ;  Lieb. 
Kopp.  Jahresher.  1855,  688. 

Benzoyl-salicin. — Discovered,  in  1831,  by  Braconnot;  investigated  especially  by 
Piria. 

Occurrence.  In  the  bark  and  leaves  of  the  aspen,  Populus  tremula 
(Braconnot).  Also  in  the  root.  (Van  de  Ghejn.)  On  a  peculiar  substance 
from  the  bark  of  Populus  nigra,  see  Herberger  {Repert^  55,  248) ;  on  a  substance 
from  poplar-buds,  see  p.  444. 
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Preparation.  1.  The  aqueous  decoction  of  the  bark  is  precipitated 
with  basic  acetate  of  lead ;  the  filtrate  is  freed  from  lead  by  sulphuric 
acid,  then  concentrated  and  boiled  with  animal  charcoal ;  and  the  salicin 
is  left  to  crystalHse  out.  The  mother-liquor  yields  with  carbonate  of 
potash,  a  white  precipitate  of  popuhn,  which  must  be  recrystallised 
from  boiling  water  (Braconnot).  Herberger,  after  precipitating  with 
basic  acetate  of  lead,  removed  the  lead  by  passing  carbonic  acid  into 
the  liquid,  and  evaporated  the  filtrate  to  a  syrup,  from  which  the 
populin  crystaUised.  —  From  the  decoction  of  the  root-bark,  populin 
crystallises  after  concentration  (even  without  precipitation  by  basic 
acetate  of  lead).  (Van  de  Ghejn.)  —  2.  The  leaves  of  the  aspen  are  boiled 
with  water ;  the  decoction  is  precipitated  hot  with  basic  acetate  of 
lead ;  the  populin  carried  down  with  the  precipitate  is  dissolved  out 
by  boihng  water;  and  the  filtrate  is  evaporated  to  a  syrup.  The 
crystaUine  mass  which  separates  is  pressed  between  Hnen,  heated  to 
boiling  with  60  pts.  water  and  a  Httle  animal  charcoal,  and  filtered  at 
the  boiling  heat :  the  populin  crystallises  on  cooUng  (Braconnot). 

Properties.  Crystallised  populin  (see  below)  is  rendered  anhydrous  by 
heating  it  to  100°.  Anhydrous  popuhn  melts  at  180°  to  a  colourless 
oil,  which  sohdifies  in  a  vitreous  mass  on  cooling  (Piria).  Tastes 
sweet  (Braconnot).  Rotatory  power,  to  the  left,  proportional  to  the 
quantity  of  salicin  produced  by  the  decomposition  of  the  popuhn. 
(Biot  &  Pasteur,  Compt.  rend.  34,  607.) 

Decompositions.  1.  Fused  populin  heated  to  180°  gives  off  pungent 
vapours  which  condense  in  needles;  at  220°  it  turns  brown,  but  is 
obtained  unaltered  after  solution  in  aqueous  alcohol  (Piria).  When 
subjected  to  dry  distillation  it  swells  up  and  yields  empyreumatic 
oil,  from  which  benzoic  acid  crystallises  on  cooling  (Braconnot). — 
2.  It  burns  with  flame  and  an  empyreumatic  resinous  odour  (Braconnot). 
—  3.  Heated  with  sulphuric  acid  and  bichromate  of  potash  it  gives  off 
large  quantities  of  sahcylous  acid  (Piria).  —  4.  By  solution  in  nitric 
acid  of  sp.  gr.  1-30,  it  is  converted  into  benzo-hehcin,  which  crystal- 
hses  after  standing  for  some  time.  The  solution  at  the  same  time  is 
coloured  yellow  by  hyponitric  acid : 

C40H22O16   +   20  =  C^ORsooie   +   2HO. 

In  this  reaction  also,  the  saligenin  of  the  populin  is  converted  into  salicylous  acid 
(Piria).  Weak  nitric  acid  acts  upon  populin  only  at  the  boiling  heat, 
salicylous  acid  being  given  off  from  the  acid  solution ;  ordinaiy  nitric 
acid  acts  violently,  producing  yellowish  crystals,  probably  consisting 

of  picric,  nitrobenzoic  and  oxalic  acids  (Piria).  Braconnot  obtained  nothing 
but  picric  acid;  Koninck  obtained  picric  and  oxalic  acids.  —  5.  With  oil  of  vitriol 
populin  forms  a  deep  red  solution  whence  water  throws  down  a  red 
powder  (Braconnot's  rutihn,  p.  434),  which,  after  the  sulphuric  acid  has 
been  removed,  dissolves  in  water  with  red  colour,  and  is  reprecipitated 
by  acids  (Braconnot).  Hot  oil  of  vitriol  carbonises  populin  (Koninck). 
By  boihng  with  dilute  acids,  populin  is  resolved  into  saliretin 
(xii,  231),  benzoic  acid  and  glucose  : 

C40H22O16   +   4H0  =  C^^HSQ^   +   Ci^H^G^   +   C^m^^ois. 
Saliretin.         Benzoic 
acid. 
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The  saliretin  is  produced  by  the  further  action  of  the  acid  on  the 
sahgenin  (xii,  234),  which  is  the  first-formed  product  (Piria).  Concen- 
trated phosphoric  acid  forms  sahretin  even  in  the  cold  (Braconnot) 
The  formation  of  glucose  was  first  observed  by  De  Koninck. 

6.  Populin  heated  to  100°  in  a  sealed  tube  with  alcoholic  ammonia, 
yields  salicin,  benzamide  and  benzoic  ether.  Gaseous  ammonia  does 
not  act  on  populin  at  150°  (Piria).  —  7.  Heated  with  potash-hydrate,  it 
yields  oxalate  of  potash  (Braconnot).  —  8.  Populin  boiled  with  hydrate 
of  haryta  or  of  lime,  yields  a  benzoate  and  salicin  : 

C40H22O16  +   2H0  =  C"H604  +   C^eHisOJ*. 

100  pts.  crystaUised  popuhn  yielded  28*9  pts.  benzoic  acid,  the  calcu- 
lated quantity  being  28-64  pts.  (Piria).  —  9.  By  prolonged  contact 
with  water,  putrid  casein,  and  carbonate  of  lime,  it  is  decomposed  with 
formation  of  saligenin,  lactate  of  lime  and  benzoate  of  lime  (Piria). 

Populin  is  not  altered  by  chlorine  or  iodine^  or  by  boiling  with  phosphorus  and 
water  (Braconnot),  or  by  emulsin  (Piria). 

Combinations.  —  With  Water.  A.  Crystallised  Populin.  —  White 
silky,  very  light  needles  (Braconnot),  resembling  starch  or  magnesia 
(Piria).  Interlaced  needles,  which  sometimes  become  broad,  and  appear  like 
lamin%  ;  but  always  run  out  into  a  needle-shaped  summit  (Biot  &  Pasteur).      Gives 

off  water  between  35°  and  40°,  and  the  rest  below  100°,  in  all 
8*43  p.  C.  (Pu-ia),  4  at.  =  8*45  p.C.  De  Koninck  describes  three-sided  laminae 
which  give  off  5*43  p.  c.  water  in  drying. 

Piria. 


Crystallised. 

40  C  240     ....     56-34     ... 

26  H 26     ....       6-10     ... 

20  O  160     ....     37-56     ... 

mean. 
....     56-44 

6-27 

....     37-29 

C40H22oi6,4HO 426     ....  lOO'OO     ... 

....  100-00 

B.  Aqueous  Solution. — Crystallised  populin  dissolves  in  about  2,000 
pts.  of  cold  water  (Braconnot),  in  1896  pts.  at  9°  (Pu*ia),  and  in  70  pts. 
boiling  water  (Braconnot).  The  cold  solution  deposits  populin  on 
being  saturated  with  common  salt ;  the  solution  saturated  at  the  boil- 
ing heat  deposits  it  on  cooling. 

Popuhn  dissolves  easily  and  without  decomposition  in  cold  acids 
not  too  concentrated,  and  is  precipitated  partially  by  water,  completely 
by  alkalis  (Braconnot,  Koninck).  According  to  Koninck,  it^  dissolves  also  in 
aqueous  alkalis,  and  is  precipitated  by  acids. 

Aqueous  populin  does  not  precipitate  any  metallic  salt.  (Braconnot.) 
It  crystalhses  unaltered  from  solution  in  aqueous  metalHc  salts,  but 
may  be  made  to  combine  with  oxide  of  lead,  forming  a  white  substance 
insoluble  in  water.     (Koninck.) 

Popuhn  dissolves  easily  in  cold  concentrated  acetic  acid,  and  is  pre- 
cipitated therefrom  partially  by  water,  completely  by  alkalis.  (Bra- 
connot.) It  dissolves  at  14° — 15°,  in  100  pts.  absolute  alcohol  (Biot  & 
Pasteur) ;  in  boiUng  alcohol  more  abundantly  than  in  boiling  water, 
scarcely  at  all  in  ether. 
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Appendix  to  Populin. 

Peculiar  Body  from  Poplar-buds. 

W.  Hallwachs.     Ann.  Pharm.  101,  372;  abstr.  J.  pr.  Chem.  71, 117; 
Chem.  Centr,  1857,  401. 

The  bruised  buds  of  Populus  nigra  or  P.  dilatata  are  boiled  with 
water,  the  liquid  strained,  concentrated  to  a  third,  strongly  super- 
saturated with  hydrochloric  acid,  and  left  to  itself  for  24  hours.  The 
separated  yellow-brown  mass  is  washed  with  cold  water,  recrystallised 
by  repeated  boihng  with  water,  then  dissolved  in  boihng  water,  and 
precipitated  with  neutral  acetate  of  lead.  The  washed  lead-salt  is 
decomposed  by  hj^drosulphuric  acid  under  water ;  the  solution  is 
heated  to  the  boiling  point  and  filtered  ;  and  the  laminae,  which 
separate  on  cooling,  are  purified  by  recrystallisation  from  ether  or 
from  water. 

White  lammag  with  a  silky  lustre.  Tasteless,  with  a  faint  odour. 
Melts  at  180°.  Has  a  strong  acid  reaction.  —  Contains,  on  the 
average,  62*50  p.  c.  C,  5*87  H.,  and  31-63  0. 

Decomposes  when  heated  above  200*^,  diffusing  aromatic  vapours. 
—  Dissolves  in  oil  of  vitriol^  with  straw-yellow  colour,  changing  to  deep 
crimson  on  addition  of  a  small  quantity  of  nitric  acid.  —  Decomposed 
by  heating  with  dilute  hydrochloric  acid  or  haryta-water^  with  foraiation 
of  sugar.  —  Nitric  acid  converts  it  into  picric  acid.  —  Heated  with  a 
strong  solution  of  chloride  of  zinc,  it  assumes  a  violet-red  colour. 

Dissolves  at  22°  in  1998  pts.  of  cold  water,  more  easily  in  boiling 
water.  —  Easily  soluble  hi  aqueous  alkalis,  also  in  hot  alcohol ;  dis- 
solves in  44  pts.  ether  at  22°. 


Benzo-helicin. 

C4ojg;«)oi6  =  C^*H'^0^C"H«0^C^2JJ^"0l^ 

PiRiA.     Ann.  Pharm.  81,  246 ;  96,  379. 

Formation,  p.  442. 

Whenpopuhn  is  immersed  in  10  or  12  pts.  nitric  acid  of  sp.  gr.  1*30, 
the  liquid  in  a  few  minutes  assumes  a  yellow  colour,  takes  up  all  the 
populin,  and  soon  afterwards  deposits  crystals  of  benzo-hehcin ;  a 
further  quantity  may  be  obtained  by  diluting  the  mother-liquor  with 
water.     Purified  by  recrystaUisation  from  boiling  water.     (See  below.) 

Properties.  Silky  needles  grouped  in  tufts,  and  not  giving  off  any 
water  when  heated. 
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Piria. 

mean. 

40  C  240     ....     61-86     61'80 

20  H 20     ....       5-15     523 

16  O 128     ....     32-99     32-97 

C-WHsoQie   388     ....  lOO'CO     100-00 

Related  to  helicin  (p,  439),  in  the  same  manner  as  populin  to  salicin. 

Decompositions.  1.  The  yellow  solution  of  benzohelicin  in  oil  of 
vitriol  becomes  colourless  on  dilution  with  water,  and  gives  off  the 
odour  of  salicylous  acid.  Salicylous  acid  is  likewise  volatilised  on  boil- 
ing benzohelicin  with  hydrochloric  acid,  and  the  liquid,  on  cooling, 
yields  crystals  of  benzoic  acid.  In  this  reaction  the  benzohelicin  is 
resolved  into  benzoic  acid,  salicylous  acid,  and  glucose,  according  to 
the  equation : 

C40H20O16   +   4H0   =   C^^H'^O^   +   C^HeO"   +   Q^m^'^O^^ 

2.  The  solution  of  benzohelicin  in  caustic  alkalis  becomes  golden 
yellow  on  boiling,  and  on  addition  of  acids,  deposits  salicylous  and  ben- 
zoic acids,  retaining  glucose  in  solution.  —  3.  When  benzohelicin  is 
boiled  with  magnesia  (or  other  bases  which  do  not  act  upon  helicin) 
benzoate  of  magnesia  and  helicin  (p.  439)  are  obtained.  It  is  not 
altered  by  emulsin. 

Benzohelicin  dissolves  in  boiling  water.  If  the  first  drops  of  a 
solution  filtered  at  the  boiling  heat  crystallise  on  cooling,  the  crystal- 
lisation extends  through  the  entire  mass ;  but  on  again  applying  heat, 
and  leaving  the  solution  to  cool  slowly  and  quietly,  it  does  not  yield 
crystals,  but  solidifies  to  a  pulpy  jelly. 


Bromhelicin. 

Piria.     N.  Ann.  Chim.  Phys.  14,  298 ;  Ann.  Pharm.  56,  72. 

Prepared  like  chlorhelicin  (p.  446),  but  always  obtained  m  the  form 
of  a  hydrated  jelly,  which  dries  up  to  a  dirty  white  amorphous  pow- 
der, giving  off  2  at.  water  at  100°. 

Hydrated.  Piria. 

26  C  156     40-94  41-12 

Br 80     20-99  20-71 

17  H 17     4-46  4-57 

16  O 128     33-61  33-60 

C26BrHi»Oi4  +  2aq 381     10000     10000 
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Ghlorosalicin. 

PiRiA.     iV.   Ann.  Chim.  Pliys.   14,  275;  Ann.  Pharm.  56,  52;  J.  pr, 
Chem.  36,  321. 

Formation,  p.  434. 

Preparation.  Chlorine  gas  is  passed  through  a  pulp  of  1  pt.  finely- 
powdered  salicin  and  4  pts.  water,  till  the  whole  is  dissolved  and  a 
copious  crystalline  precipitate  is  subsequently  formed.  The  separated 
chlorosalicin  is  pressed  between  linen,  washed  with  a  small  quantity 
of  cold  water,  dried  between  paper,  freed  from  a  small  quantity  of 
adhering  resin  by  agitation  with  ether,  and  recrystalHsed  from  boiling 
water. 

Properties.  Crystallised  chlorosalicin  is  dehydrated  by  a  heat  of 
100°  to  110°,  and  melts  at  a  higher  temperature  to  a  colomless  liquid. 
Inodorous,     Tastes  bitter,  like  salicin. 

Decompositions.  1.  When  heated  above  its  melting  point,  it  gives  off 
a  large  quantity  of  hydrochloric  acid  and  leaves  charcoal.  —  2.  It  dis- 
solves in  oil  of  vitriol^  with  reddish  colour.  —  3.  By  dilute  acids  it  is  com- 
pletely resolved  into  glucose  and  a  yellow  resinous  precipitate,  pro- 
bably chlorosaliretin.  —  4.  Its  aqueous  solution  is  quickly  decomposed 
by  emulsin  into  glucose  and  chlorosaligenin  (xii,  293) : 

C26ClHi70^4  +  2H0  =  C14C1H704  +  CisHiSQ^s. 

Combinations.  —  With  Water.  —  Crystallised  Chlorosalicin.  Long, 
silky,  very  light  needles,  which  give  off  10*14  p.  c.  water  (calc.  4  at.  = 
1010  p.  c.)  between  100°  and  110°. 

Piria. 
Crystals.  mean, 

26  C  156-0  43-76  43-56 

CI 35-5  9-96  9-96 

21  H  21-0  5-89  6-14 

18  O  144-0     40-39     4034 

C26ClHi70W  +  4aq. ....  356-5     10000     lOO'OO 

Chlorosalicin  dissolves  in  water  and  in  alcohol,  but  not  in  ether. 


Chlorhelicin. 

Piria.     N.  Ann.  Chim.  Phys.  14,  295;  Ann.  Pharm.  56,  72. 

Obtained  in  two  modifications,  known  as  a-  and  y3-chlorhelicin. 
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cc'Chlorhelicin.  A  mixture  of  water  and  helicin  is  shaken  up  in  a 
bottle  filled  with  chlorine  gas,  as  long  as  the  chlorine  continues  to  be 
absorbed  and  hydrochloric  acid  formed.  The  helicin  swells  up  to  a 
transparent  jelly,  which  must  be  pressed  between  linen,  washed  with 
cold  water,  and  recrystalHsed  from  boiling  water.  The  solution,  on 
cooling,  either  deposits  small  needles  of  mono-hydrated  a-chlorhelicin, 
or  solidifies  to  an  amorphous,  pasty  jelly,  containing  more  water  than 
the  needles. 

The  needles,  heated  to  between  120°  and  130°,  are  converted  into 
anhydrous  a-chlorhelicin.  —  Inodorous.     Tastes  bitter. 

Between  120°  and  130°.  Piria. 


26  C  

.  156-0  . 
.  35-5  . 
.  15-0  . 
.  112-0  . 

..  48-98  ... 
..  11-14  .... 
..   4-72  .... 
..  35-16  .... 

...  49-02 

CI 

15  H  

14  O  

....  11-02 
....   4-90 
....  35-06 

C26C1H1S014 . 

.  318-5  . 

...  100-00  ... 

....  100-00 

a-chorhelicin,  when  heated,  gives  off  vapour  of  chlorosalicylous 
acid  (xii,  294).  The  same  acid  is  obtained,  together  with  glucose  or 
its  products  of  decomposition,  on  heating  a-chlorhelicin  with  dilute 
acids,  or  alkalis,  or  by  treating  it  with  emulsin  : 

C26C1H15014   +   2HO  =  Ci'^ClRSO*   +   Om^^O^K 

Crystallised  a-chlorhelicin  contains  3  p.  c.  water,  which  goes  off 
when  the  crystals  are  heated,  the  quantity  evolved  being  rather  more 
than  1  at.  (calc.  2*76  p.  c.  HO),  probably  because  a  small  quantity  of 
gelatinous  a-chlorhelicin  is  likewise  present  (Piria). 

Nearly  insoluble  in  cold,  easily  soluble  in  hot  water  and  alcohol. 

^-Chlor helicin.  When  chlorine  gas  is  passed  through  an  alcoholic 
solution  of  helicin,  the  liquid  becomes  hot,  and  deposits  a  white  starch- 
like powder,  an  additional  quantity  of  which  is  obtained  on  cooling. 
This  powder  contains,  on  the  average,  48*75  p.  c.  C,  5*04  H., 
11-46  CI.,  and  34*16  0.,  like  a-chlorhelicin;  but  it  is  insoluble  in  water, 
nearly  insoluble  in  boiling  alcohol,  and  when  treated  with  acids,  alkaUs, 
or  emulsin,  yields  neither  sugar  nor  chlorosalicylous  acid. 


Bichlorosalicin. 

C2«CPff«0^*  =  C^*CPH«0SCi2H^''0^«. 
Piria.     Ann.  Pharm.  56,  55. 

Preparation.  Pulverised  chlorosalicin  is  suspended  in  water, 
and  chlorine  is  passed  through  it, — or  chlorine  gas  is  made  to 
act  for  a  considerable  time  on  salicin  (suspended  in  water).  The  pro- 
duct is  purified  by  washing  with  ether,  and  recrystallisation  from  boil- 
ing water. 

By  drying  at  100°  the  crystals  are  converted  into  anhydrous 
bichlorosalicin,  which,  at  a  stronger  heat,  melts  to  a  transparent  mass, 
solidifying  in  the  vitreous  form  on  cooling.  Inodorous.  Tastes  rather 
bitter.    Neutral. 
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Decompositions.  1.  Bichlorosalicin,  when  strongly  heated,  gives  off 
inflammable  vapours  and  leaves  charcoal.  By  dry  distillation  a  heavy 
oil  is  obtained,  together  with  an  acid  liquid,  which  yields  chloro- 
sahcylous  acid  when  treated  with  ether.  The  chlorosalicylous  acid 
results  from  the  decomposition  of  bichlorosaligenin :  C^*CPH^O*  = 
C^^CIH^O*  +  HCl  (Piria).  —  2.  When  Ichlorine  gas  is  passed  through 
bichlorosaHcin  suspended  in  water;  the  bichlorosalicin  dissolves  on 
applying  heat  to  the  liquid,  and  afterwards  a  red  resin  is  precipitated. 
The  latter  is  also  produced,  together  with  glucose,  on  heating  bichloro- 
salicin with  dilute  acids,  and  appears  to  consist  of  bichlorosaliretin.  — 
3.  BichlorosaHcin  dissolves  without  colour  in  oil  of  vitriol.  —  4.  After 
being  left  for  some  time  in  contact  with  aqueous  emulsin,  it  forms 
glucose  and  bichlorosaligenin  (xii,  297),  which,  however,  is  produced 
only  so  long  as  the  hquid  is  capable  of  taking  it  up,  and  only  in  small 
quantity  on  account  of  its  sparing  solubiUty  : 

C26C12H160"   +   2H0   =  C^^Cim^O^   +   C12H12012. 

Combinations.  With  Water.  Crystallised  Bichlorosalicin.  Long, 
snow-white  needles,  having  a  silky  lustre  :  they  give  off  at  lOC^, 
from  4*95  to  5*04  p.  c.  water  (2  at.  =  4-84  HO). 

Piria. 
Crystals.  mean. 

26  C 156     41-82     41-65 

2  CI 71     19-03     18-95 

18  H 18     4-82     5-10 

16  O 128     34-33     34-30 

C26Ci2Hi60i4+2aq 373     lOO-QO     100*00 

CrystalHsed  bichlorosalicin  is  nearly  insoluble  in  cold,  sparingly 
soluble  in  boihng  water.  It  dissolves  more  easily  in  alkaline  water,  and 
is  precipitated  without  alteration  by  acids.  The  aqueous  solution  does 
not  act  on  metallic  salts,  especially  not  on  sesquichloride  of  iron. 

Soluble  in  alcohol,  nearly  insoluble  in  ether. 


Perchlorosalicm. 

C^CPH^sQu  _  c^*CPH«0*,C^2Hiooio. 

Piria.     N.  Ann.  Chim.  Phys.  14,  281 ;  Ann.  Pharm.  56,  58. 

Preparation.  When  chlorine  gas  is  passed  into  water  at  80"^,  in  which 
bichlorosalicin  is  suspended,  pieces  of  marble  being  also  introduced  to 
prevent  the  decomposing  action  of  the  hydrochloric  acid  produced  in 
the  reaction,  impm-e  perchlorosalicin  is  precipitated  in  the  form  of  a 
crystalline  powder.  This  product  is  washed  by  agitation  with  ether, 
and  recrystallised  from  hot  aqueous  alcohol. 

The  small  yellowish  needles,  which  might  perhaps  be  obtained 
colourless  by  repeated  crystaUisation,  become  anhydrous  at  100°,  and 
melt  at  a  stronger  heat.     Inodorous.     Tastes  somewhat  bitter. 

Decompositions.     Perchlorosalicin  decomposes  at  a  strong  heat. — 
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With  dilute  acids  it  yields  a  resin,  probably  perchlorosaliretiii.  —  In 
contact  with  solution  of  emulsiri  under  water,  it  yields,  after  a  while,  a 
liquid  which  colours  ferric  salts  blue,  but  only  a  very  small  quantity  of 
perchlorosahgenin  is  set  free. 

Combinations.  With  Water.  —  Crystallised  Perchlorosalicin  (see  above) 
heated  to  100°  in  a  current  of  air  gives  off  4*48  p.  c.  watei- 
(2  at.  =  4-43  p.  c.  HO). 


» 


Piria. 

Cnjstals,  mean. 

26  C    15G-0  ....  38-87  ....  38-15 

3  CI  105-5  ....  25-46  ....  26-00 

17  H  170  ....  4-18  ....  4-36 

16  O   128-0  ....  31-49  ....  31-49 

e26ci3Hi50i4  +  2HO  406-5  ....  100-00  ....  100-00 


Nearly  insoluble  in  cold,  and  very  slightly  soluble  in  boiUng  water ; 
more  soluble  in  weak  spirit. 


Compound  of  Bichlorosalicin  with  Perchlorosalicin. 

Piria.     Arm.  Chim.  Phys.  69,  323  ;  N.  Ami.  Chim.  Phys.  14,  283. 

Piria  formerly  obtained  this  compound,  in  an  impure  state,  by  pass- 
ing chlorine  gas  for  a  long  time  into  water  containing  salicin  in 
suspension,  as  a  yellow,  pearly,  crystalline  mass ;  he  now  regards 
it  as  a  mixture  of  bi-  and  per-chlorosalicin. 

Piria. 
mean. 

52  C  312-0     41-91     4208 

5  CI 177-5     2;V84     22-97 

31   H  31-0     4-16     1-31 

28  O  224-0  30-09  30-64 

C52C15H310-8  744-5  100-00 100-00 

Gallo-tannic  or  Tannic  Acid. 
C^H«0^  =  3C"H*0«,C"H^''0^^ 

Deveux.     J.  Phys.  42,  401. 

Seguin.     J.  des  Arts  et  Manuf.  2,  Q,^^  and  3,  71 ;  Ann.  Chim.  20,  15. 
Bartholdi,     Schiv.  J.  8,  294. 
Vauquelin.     Ann.  Chim.  A6,o21. 
Karsten.     Schw.  J.  7,  472. 
Cadet.     Ann.  Chim.  4,  405 ;  N.  Tr.  3,  1,  480. 
H.  Davy.     A.  Gehl.  4,  343. 
Sertlirner.     Schw.  4,  410. 

Berzelius.     Ann.  Chim.  94,  318.  —  Scher.  Ann.  1,  421;  Pogcj.  10,  257. 
Lehrhuch,  3  Aufl.  6,  213. 
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a  gn-eou  ooloiur  with  ferric  salts  (§«»  wiow) ;  but  this  distiuctiou  has  lost 
its  YiUue  sinco  tho  disooT^ry  c^  a  n«unhw  of  distiuct  taouio  acids 
existing  in  nature*  The  more  exaotfy  hiTostijpated  bodm  of  th» 
gi\nip  will  K^  sepan^tetr  trei^tod  in  an  A^tpmdix  lo  ChU^-Hmme  m^  their 
f 01  tn\ila>  not  bt^in^  suffic^entfy  well  estal;^ished  to  «ti%hte  os  to  assuoie 
tiunr  oxuot  (Jaoi^  in  the  gfmml  BjBiwa*  Moi«OYer>  tfa«  iQse«rdkes 
hitherto  puMislied  do  not  «D»ble  m  to  dotwooino  with  oertaui^,  w^^ 
of  these  «oidB  maj  oonreq>oad  to  gallic  i>r  to  ollagio  acid  (that  is  to 
Bay  to  the  products  ol  deocoupoaitiou  of  gallo-tanuic  acid).  (^Kr«) 

On  the  validity  of  tho  distinction  betwew  iH>ii4Mi^  and  thi*- 
ynw»iVi</  tnnnin*  several  views  have  been  put  forwiurdi  in  whid^  how- 
eveVf  these  denomiuatiiins  have  been  inuierstood  as  l^pp^iag  to  two 
gi»njis  of  IxxUes,    If,  according  to  Goigor,  water  contauxin^  a  small 
quantity  of  alkiUi  be  ^raduaUj  added  to  a  ferric  salt  which  has  been 
turned  j>nxvn  by  any  kind  of  irou-f^reeuiug  tannin,  the  ^i\N>n  colour 
cluuigvs  to  vii>let -black,  the  tint  usuaQy  fxoduoed  bv  iron^blueing" 
tannin.    On  addii^^  an  acid,  the  ^reeu  oofour  is  re^tore^}.  — Ai\x>rdin^ 
to  this  a^sult^  tho  differeuoe  between  the  two  groups  mig^t  K>  that 
the  iix^n-blueiug  tamuu  is  less  ridi  in  fi>ee  acid ;  neveiihelesS)  it  reddens 
litmus  moi>e  strongly  than  the  other  kind  of  tannin.    It  apoearst  to 
I  tain  [  t  to  be  capable  of  yielding]  a  kii|^  proportkn  ct  gallic 
I ;  but  iron-blueing  tannin  is  not  cony^rted  iuto  wo  irow-grewing 
aI  by  addition  of  gallic  acid.  (Gmelin.)  —  The  blue  reaction 

\v  no  metvns  an  infallible  eluu^u^teristic  of  the  sjh\  luic  acid» 

ises  iH^lour  the  ferric  «.\>n\jxnmds  of  tamtic  aoid  blue,  mid  acids 
the  blue  to  giwn.    With  terrio  aoetate»  the  in>n-givening  acids 
ioiiu  a  Wuo  iHnnjxnnul;   the  green  compound  which  they  tWm  with 
other  ferrii'  salts,  is  turned  blue  by  addition  i\f  a  sutlicient* quantity  of 
acetate  ol"  K  ail  either  neutiul  or  l>i\sic,  and  even  by  a  lai'jiv  omvntity 
of  gx  latin.     A  ov^nqxmnd  of  iixMi-giwnin^*  taiuiicacid  with  h^^^a-oxidc, 
is   tinned   blue  by  lerric  sulphate;    ivn  iivn-giwning  tai\uic  acid  is 
tnrnctl  blue  bv  iH^ntiuued  exixvsjuiv  to  the  air,  in  tHmtact  with  water 
anil   iixni-turnings.   (Oavallius,  i>«y«\  JiiMtr^ob.  1841,   i74,)      But   tlH> 
o>Knn^  thus  obtained  with  iivn-greening  taimic  acids  m\>  very  ditYennit 
fixun  those  pixnluced  by  the  iron-blueing  acids,  and  the  two  cannot  1h> 
convi  rteil  one  into  tho  other.    Thus,  catechu-ttunnc  acid  (obtainevl  by 
exhausting  catechu  with  a  smtdl  ouantity  of  water:  9e«  below')  left  in 
tHM»taot  for  a  few  days  witli  i»x^n  tilings,  assumes  a  dirty  gix\Yish,  not 
a  blaok-bhu^  eoKun\  and  tho  ^mvipitate  diH\^  not  turn  giwn  when 
tivated  with  a  snuvll  qu^udity  oi  aivtic  acid,  but  dissi^vix**  on  the  addi- 
tion o(  a  hugvr  quantity,  and  is  piwipitated  p\u^ple-gu\v  on  addition 
of  annnotua.     The  ii\>n-g\vening  tannic  acids  of  cattvhu,  kim\  alder, 
hwvK  anil  biivh-bark,  antl  of  tinnientilla-ixH^t,  aiv  likewise  incar«dvle 
of  ^yielding  a  gnuul  ink.     The  extracts  of  imn-givening  |mrts  of  plants 
i\o  not  yieUl  pvt\^gaUic  acid  by  vlry  distillation,  unless  they  ci^ntain 
gallic  acid  ivady  fonntHl,  (Steidunise,^    This  also  shows  the  nuxMiwt* 
U(*ss  of  the  view  ailvantvd  by   lleiung  (Y,  3r,  Arek,  73*  1M>\  who 
s  the  two  grtnq>s  as  not  ess«M >t tally  different  from  gallotannin, 
uhMitieal  theivwith  when  \m\\\ 
All  iron-gre<Miing  tamiie  aeitls  (^as  those  fiwm  kino,  tonnentilla  aiul 
lorta  nuUvs)  yit^Kl  p\  n>eattH'hin  (xi,  ,S70)  by  dry  distillation,  wlunxMis 
iri>n-l>lueing  aeids  yii^Kl  pyrogallicaeid  (xi,  Ji08\  Many  plants  iHvn- 
:i  both  itH»n-l»lui>ing  and  iixut-griHMung  tannin;  and  these  yield,  by 
1 1  ietii>nal  paH5i|ntation  witJi  sugw  of  lead,  tli^t  iron-blueit»g  and  ivfter* 

^  o  a 
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wards  iron-greening  precipitates.  This  is  the  case  with  tormentilla 
and  bistorta  roots,  both  of  which  yield  at  first  an  aqueous  extract, 
whicli  turns  ferric  salts  blue,  but  after  incomplete  precipitation  with 
sugar  of  lead,  turns  them  green  (Eissfeldt,  Ann.  Pharm.  92, 109  ;  Uloth, 
Ann.  Pharm.  Ill,  215). 

Tannic  acids  occur  especially  in  perennial  plants,  but  are  likewise 
found  in  annuals  and  biennials  (Wahlenberg).  Pettenkofer  (iV.  Repert. 
3,  74;,  found  tannic  acid  in  Solanum  tuherosum  and  Potentilla  tormentilla, 
which  are  perennial,  but  not  in  the  annual  species,  Solanum  tuberosum 
[;  S.  Dulcamara  or  S.  nigrum'\  and  Potentilla  anserina.  —  Tannic  acids 
are  found  in  the  perennial  roots  of  annual  species,  in  the  bark  of  most 
tree-stems,  and  in  the  young  branches  of  shrubs  and  woody  plants. 
The  white  inner  part  of  the  bark,  lying  next  to  the  alburnum,  contains 
the  purest  tannic  acid,  whilst  the  middle  portion  contains  more 
extractive  matter,  and  the  outer  bark  is  generally  destitute  of  both ; 
young  barks  contain  more  tannic  acid  than  older  barks,  in  which, 
indeed,  they  are  for  the  most  part  converted  into  brown  extractive 
matters  (Davy).  Tannic  acids  are  also  found  in  the  husks  of  fruits  and 
seeds,  and  in  unripe  fruits,  less  frequently  in  the  leaves,  and  least  of  all 
in  the  petals.  According  to  Wahlenberg,  they  are  never  found  in  the 
interior  of  the  seed,  or  in  poisonous  plants,  or  in  such  as  contain 
caoutchouc  or  milky  juice. 

Tron-hliieing  tannic  acids  are  found  in  the  leaves,  bark,  &c.,  of  the  oak, 
poplar,  birch,  hazel-nut,  and  other  trees ;  the  leaves  of  Arbutus  Uva  ursi 
awdi  Arbutus  Unedo,  Lythi^m  salicaria,  the  stalks  of  Ribesrubrum,  the  bark 
of  Cornus  mascula,  and  many  other  plants  and  vegetable  organs.  —  Ii-on- 
(jreening  tannic  acids  occur  in  catechu,  cinchona-barks,  pines  and  firs,  in 
the  root  of  Crameria  triandra,  Rheum  Rhaponticum,  tormentil, — in  the 
bark  of  Salix  trianda  and  S.  undulata,  of  Alnus  glutinosa,  Pinus  Larix  and 
Rhizophora  Mangle,  the  common  black  mangrove  (Stenhouse),  and  many 
other  plants. 

The  tannic  acid  of  the  Sumach  is  identical  with,  or  very  similar  to, 
gallo-tannic  acid.  It  yields  pyrogalHc  acid  by  dry  distillation,  and  gallic 
acid  when  decomposed  by  sulphuric  acid.  (Stenhouse.)  —  Black  tea 
contains  a  small  quantity  of  boheic  acid  (xii,  473),  and  a  very  large 
quantity  of  gallo-tannic  acid.  The  aqueous  infusion  precipitated  with 
sugar  of  lead  yields  a  salt,  the  organic  substance  of  which  contains 
50*4  p.  c.  C,  4*2  H.,  and  45*4  0.,  agreeing  therefore  in  composition 
with  gallotannate  of  lead.  When  boiling  aqueous  sugar  of  lead  is 
added  in  excess,  a  precipitate  is  formed  containing  64*49  p.  c.  lead- 
oxide  (Rochleder,  Ann.  Pharm.  G3,  202).  The  aqueous  extract,  either 
of  black  or  of  green  tea,  yields,  by  dry  distillation,  pyrogallic  acid, 
proceeding  from  the  gallic  acid  contained  in  the  tea.  From  the  infusion 
of  the  tea,  ^  vol.  oil  of  vitriol  throws  down  a  dark  brown  precipitate, 
which  dissolves  in  water  much  more  easily  than  that  from  gallo-tannic 
acid,  and  does  not  yield  any  pyrogallic  acid  by  dry  distillation.  When 
boiled  with  dilute  sulphuric  acid,  it  does  not  yield  any  gallic  acid,  but  a 
brown  substance  sparingly  soluble  in  water,  and  is  therefore  altogether 
different  from  gallo-tannin  (Stenhouse).  On  the  tannic  acid  of  tea,  see  also 
Mulder  {Pogg,  43,  635.) — The  tannic  acids  of  hino  and  of  tormentil  root, 
agree  when  pure  with  gallo-tannic  acid ;  in  the  impure  state,  they  pre- 
cipitate ferric  chloride  green  or  grey ;  in  the  pure  state,  blue-black 
(Hennig):  see  Kinotannic  acid.  —  The  tannic  acid  of  oak-bark  is  regarded, 
by  Berzelius  {Lehrbuch,  3  Aufl.   6,  213),  as  identical  with  gallotannic 
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acid.  According  to  Stenhouse,  it  yields  neither  gallic  nor  pyrogallic 
acid ;  the  precipitate  produced  by  boiling  with  dilute  sulphuric  acid  is 
red-brown  and  nearly  insoluble  in  water. 

Mirabelles,  Valonia,  Dividivi,  the  fruit  of  Anacardmm  longifolium,  bis- 
torta-root,  pomegranate-bark,  and  the  bark  of  the  birch,  hazel-nut  and 
larch,  contain  tannic  acids  different  from  gallo-tannic  acid  (Stenhouse). 

Turkish  gall-nuts  contain  65  p.  c.  tannic  acid  (Guibourt),  72  p.  c. 
(Mohr),  55  to  60  (Biichner),  Chinese  gall-nuts  contain  69  p.  c.  (Bley, 
Stein)  ;  Bassorah  gall-nuts,  26  p.  c.  (Bley,  JSf.  Br.  Arch.  75,  138). 

Preparation.  1.  A  displacement  apparatus  is  half  filled  with  finely 
pulverised  gall-nuts,  and  commercial  ether  containing  water  and 
alcohol  is  poured  in.  The  liquid  which  runs  away  separates  into 
two  layers,  the  lower  of  which  is  a  heavy,  syrupy,  amber-coloured 
solution  of  tannic  acid,  water  and  ether,  while  the  upper  is  mobile, 
consisting  of  ether,  water,  galHc  acid,  and  a  small  quantity  of  tannic 
acid.  Ether  is  poured  into  the  apparatus  as  long  as  the  lower  stratum 
continues  to  increase ;  the  upper  layer  is  then  removed  ;  and  the  lower 
is  repeatedly  washed  with  ether,  and  dried  in  vacuo,  or  by  heat.  Gall- 
nuts  thus  treated  yield  from  35  to  40  p.  c.  tannic  acid  (Pelouze).  A 
better  mode  of  proceeding  is  to  stir  powdered  gall-nuts  to  a  paste  with 
commercial  ether,  leave  it  to  macerate,  press  through  linen,  and 
exhaust  the  galls  by  repeated  treatment :  the  product  thus  obtained 
amounts  to  60  per  cent.  (Lecannot,  J.  Pharm.  22,  149  ;  Ann.  Pharm. 
18,  179.  —  Domine,  A^.  J.  Pharm.  5,  231).  The  latter  uses  commercial 
ether  of  b^""  Baume,  and  leaves  the  gall-nut  powder  previously  for 
4  days  in  a  cellar,  so  that  it  may  absorb  moisture,  before  submitting  it 
to  the  action  of  the  ether.  The  tannic  acid  thus  obtained  is  somewhat 
less  pure  than  that  which  is  prepared  by  displacement  (Beral,  Mohr). 

2.  100  pts.  powdered  gall-nuts  are  treated  in  the  displacement 
apparatus  with  a  mixture  of  300  pts.  ether,  15  pts.  alcohol  of  90  p.  c, 
and  5  pts.  water  (or  20  pts.  alcohol  of  69  p.  c.) ;  the  residue,  after  the 
liquid  has  run  off,  is  twice  treated  with  the  same  mixture,  three 
times  with  pure  ether  ;  and  the  whole  of  the  extracts  are  shaken  • 
I  up  together,  and  left  to  settle  for  a  week.  The  upper  of  the  two  layers 
thus  formed  is  decanted  from  the  syrup  below ;  the  latter  is  evaporated 
over  the  water-bath ;  and  the  residue  is  dried  between  100°  and  110°. 

The  decanted  ether  deposits  an  additional  quantity  of  syrup,  if  a  third  of  it  is  subjected 
to  distillation  and  the  residue  thereby  obtained  is  mixed  with  the  remaining  two-thirds, 
or  if  a  little  water  is  added.  To  free  the  tannic  acid  thus  obtained  (or 
according  to  1)  from  admixed  gaUic  acid,  ellagic  acid,  volatile  oil,  and 
chlorophyll,  100  pts.  of  it  are  shaken  up  with  100  pts.  water  and  200 
pts.  ether,  whereby  three  layers  are  formed,  the  upper  consisting  of 
ether,  the  middle  of  aqueous  gallic  acid  and  impure  tannic  acid,  while 
the  lowest,  which  is  syrupy  and  amounts  to  215  pts.,  leaves,  on 
evaporation,  90  pts.  of  pure  tannic  acid  (Guibourt).  —  Beral,  {J.  Chim. 
med.  75,  225)  adds  to  8  pts.  gall-nut  powder  the  half  of  a  mixture  of 
12  pts.  ether,  3  pts.  alcohol  of  85  p.  c.  and  1  pt.  water;  places  the  mix- 
'  ture  in  a  funnel  provided  with  a  stop-cock ;  pours  the  rest  of  the 
I  liquid  on  it ;  leaves  it  to  drain  away  for  6  hours ;  displaces  the  solution 
still  remaining  in  the  funnel  by  pouring  in  4  or  5  pts.  of  water ;  and 
evaporates  the  filtered  liquid.  The  same  process  is  adopted  by  Brandos 
(lY.  Br.  Arch.  21,  329).  —  Mohr  employs  for  the  extraction  a  mixture  of 
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equal  volumes  of  ether  and  alcohol  of  90  p.  c.  The  filtrate  is  syrupy, 
but  thinner  than  that  obtained  by  1 ,  and  forms  only  one  layer,  exhibits 
but  little  turbidity  on  the  addition  of  a  large  quantity  of  ether,  and  if 
7  fluid  ounces  of  ether  are  used  to  2  oz.  of  galls,  yields  a  quantity 
of  tannic  acid  amounting  to  72  per  cent,  of  the  galls.  If  a  mixture  of 
4  vols,  ether  and  1  vol.  alcohol  of  90  p.  c.  is  used,  the  extract  has  the 
same  constitution  (Mohr,  Sandrock).  —  With  Chinese  galls,  hydrated 
ether  acts  better  than  ether-alcohol  (E.  Riegel,  N.  JaJirh.  JPharm. 
3,  252). 

3.  Four  parts  of  gall-nut  powder  covered  with  8  pts.  water,  are 
left  to  stand  for  two  hours  ;  the  liquid  is  filtered ;  the  filtrate,  amount- 
ing to  about  4  pts.,  is  mixed  with  2  pts.  ether  and  poured  into  a  tap- 
funnel  ;  and  the  syrupy  layer  thus  formed  (containing  40  pts.  tannic 
acid  to  7  pts.  water  and  53  pts.  ether),  is  separated  from  the  upper 
liquid-;  which  latter,  if  again  agitated  with  ether,  yields  an  additional 
quantity  of  syrup.  By  this  process,  ^  of  the  tannic  acid  contained  in 
the  decoction  is  obtained  (Beral). 

4.  Aqueous  extract  of  gall-nuts  is  exhausted  with  ether,  which 
takes  up  the  gallic  acid  together  with  part  of  the  tannic  acid ;  the  solu- 
tion is  then  evaporated ;  and  the  admixed  crystals  of  gaUic  acid  arc 
dissolved  out  of  the  residue  by  small  quantities  of  ether  (Berzclius). 

5.  Gall-nut  powder  is  exhausted  with  a  moderate  quantity  of  hot 
water,  strained  through  linen  and  pressed  ;  the  turbid  infusion  is  stirred 
up  with  a  small  quantity  of  dilute  sulphuric  acid,  which  precipitates 
the  matters  causing  the  turbidity,  so  that  at  last  the  liquid  goes  clear 
and  easily  through  the  filter  ;  and  oil  of  vitriol  is  added  to  the  filtrate 
as  long  as  the  precipitated  white  flocks  are  thereby  made  to  unite,  in 
the  course  of  an  hour,  into  a  brownish  pitchy  mass,  which,  in  addition 
to  tannic  and  sulphuric  acids,  contains  oxidised  extractive  matter,  and 
peihaps  also  other  substances.  The  hquid  decanted  therefrom  is 
mixed  with  oil  of  vitriol,  as  long  as  a  precipitate  is  thereby  formed ; 
the  white  or  yellowish  flocks  are  thrown  upon  a  filter,  washed  with 
water  contaiiung  a  sufficient  quantity  of  sulphuric  acid  to  prevent  it 
from  exerting  a  solvent  action, — pressed  between  bibulous  paper  as 
long  as  they  render  the  paper  moist,  and  then  dissolved  in  cold  water ; 
the  solution  is  mixed  with  finely  pulverised  carbonate  of  lead  as  long 
as  effervescence  ensues,  and  placed  in  contact  with  a  small  quantity  of 
carbonate  of  lead  till  it  no  longer  precipitates  chloride  of  barium ;  and 
the  filtered  liquid  is  immediately  evaporated  in  vacuo.  The  solution 
in  boihng  water  of  the  pitchy  precipitate  obtained  with  sulphuric  acid, 
deposits,  on  coohng,  a  similar,  but  still  more  impure,  pitchy  substance ; 
whilst  purer  tannic  acid  remains  in  solution,  which,  however,  cannot 
be  obtained  quite  pure  by  treatment  with  carbonate  of  lead,  &c. 
(Berzelius).  —  Eochleder  &  Kawalier  employ  hydrochloric  instead  of 
sulphuric  acid,  the  former,  according  to  Stenhouse,  precipitating  tannic 
acid  more  completely  from  its  aqueous  solution. 

6.  The  infusion  clarified  with  a  very  small  quantity  of  sulphuric  ! 
acid  and  filtered,  as  in   method   5,  is   mixed  with  aqueous  carbonate  { 
of  potash  or  carbonate  of  ammonia,  as  long  as  anything  is  thereby 
precipitated  (if   too  much  alkali    is    present,    the   precipitate   re-dis- 
solves);    the    white    precipitate,   containing    taniiate    of   potash    or 
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ammonia,  is  washed  on  the  filter  with  the  smallest  possible  quantity 
of  cold  water,  then  dissolved  in  boiling  dilute  acetic  acid,  and  the  solu- 
tion is  left  to  cool,  foreign  matters  then  separating  out.  The  liquid 
separated  therefrom  is  precipitated  by  basic  acetate  of  lead ;  the  washed 
and  still  moist  precipitate  is  suspended  in  water  and  decomposed  by 
hydrosulphuric  acid  ;  the  liquid  is  filtered ;  j  and  the  hmpid  fUtrate  is 
immediately  evaporated  in  vacuo  over  carbonate  of  potash  (Berzelius). 
—  7.  Gall-nut  powder  is  exhausted  with  cold  water;  the  filtrate  is 
nearly  neutrahsed  with  ammonia,  so  that  it  retains  but  a  slight  power 
of  reddening  litmus — then  precipitated  by  chloride  of  barium ;  the  t an- 
nate of  barium  is  left  to  settle  down  in  a  bottle  filled  with  the  liquid ; 
the  solution  is  decanted ;  the  precipitate  washed  on  a  filter  witli  cold 
water,  whereby  it  is  turned  green  and  partially  dissolved, — then  dis- 
solved in  acetic  acid ;  the  liquid  is  filtered  and  precipitated  by  basic 
acetate  of  lead ;  and  the  precipitated  t annate  of  lead  is  decomposed  by 
hydrosulphuric  acid,  as  in  6.     (Berzelius.) 

The  older  methods  of  Thomson,  Grotthus  {Sclm.  18,  132),  Proust 
{Scher.  J.  2,  252 ;  10,  91),  Bouillon-Lagrange,  Merat-Guillot  (Scher.  J. 
10,  87),  Trommsdorff  (^.  Gehl  3,  111.  — iV.  Tr.  2,  1,  Ql.  —  Taschenh. 
1820,  43),  Schrader  {N.  Gehl,  8,  509),  Loper  (iV^.  Tr.  5, 1,  339),  Meissner 
{BerL  JaJtrh.  29,  2,  61,  and  91),  yield  impure  tannic  acid  or  sometimes 
none  at  all.  —  To  obtain  tannic  acid  from  vegetable  substances  con- 
taining too  great  a  proportion  of  foreign  matters  to  admit  of  direct 
extraction  with  ether,  the  aqueous  extract  is  precipitated  with  acetate 
of  quinine,  cinchonine,  or  some  ether  vegetable  alkali ;  the  washed  pre- 
cipitate is  dissolved  in  alcohol ;  the  tannic  acid  is  precipitated  with 
neutral  acetate  of  lead ;  the  precipitate  decomposed  by  hydrosulphuric 
acid ;  the  filtrate  evaporated  to  dryness  in  vacuo ;  the  residue  dissolved 
in  ether-alcohol ;  and  the  solution  again  evaporated  {Gerhardt,  Traitc^ 
3,  849). 

Furijication.  By  solution  in  ether  of  sp.  gr.  0*72,  which  leaves  un- 
dissolved the  greater  part  of  the  yellowish  brown  tannic  acid  rendered 
fluid  by  the  water  in  the  ether  (Berzehus).  The  ethereal  solution  of 
tannic  acid  (prepared  by  1)  is  mixed  with  such  a  quantity  of  water  as 
to  form  three  layers,  the  lowest  of  which  is  syi'upy  and  may  be 
separated  by  a  tap-funnel,  this  hquid  is  then  mixed  with  water,  and 
warmed  till  the  ether  or  alcohol  is  completely  expelled,  then  evaporated 
in  vacuo  over  oil  of  vitriol,  and  the  residue  is  dried  between  120°  and 
130°  (Strecker).  From  impure  tannic  acid,  anhydrous  ether  extracts 
gallic  acid,  fat  and  resin,  and  hkewise  ellagic  acid  if  it  has  been  pre- 
pared with  ether-alcohol.  Of  the  three  layers  formed  by  agitation 
with  ether  and  water,  the  middle  one  contains  these  impurities  dis- 
solved in  ether  (Luboldt). 

Tannic  acid  prepared  and  purified  by  method  1,  cannot  be  further 
resolved  into  different  substances  by  repeatedly  treating  its  ethereal 
solution  with  water,  but  exhibits  the  same  composition  before  and 
after  this  treatment  (Strecker).  Kochleder  &  Kawalier,  on  the  other 
hand,  regard  the  tannic  acid  obtained  from  gall-nuts  by  exhaustion 
with  ether  and  water,  as  a  mixture  still  containing  gallic  and  ellagic 
acids  ;— this  conclusion  they  deduce  from  the  following  experiments : — 

Turkish  gall-nuts  exhausted  with  ether  and  water  in  the  displace- 
ment apparatus  yield  a  solution  which  separates  into  tliree  layers, 
the  uppermost  a  being  yellowish  and  mobile,  and  containing  a  large 
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quantity  of  gallic  acid;  the  lowest  (3  having  a  brown  colour  and 
depositing  a  large  quantity  of  ellagic  acid,  when  left  for  some  time  out 
of  contact  with  air,  or  when  treated  with  acids ;  and  the  middle  7 
being  brownish  yellow  and  syrupy.  This  middle  layer  separated, 
washed  with  ether,  mixed  with  water,  warmed  till  the  ether  is 
evaporated,  and  then  precipitated  with  neutral  acetate  of  lead,  yields 
a  yellowish  white  precipitate ;  and,  on  treating  this  precipitate  a  with 
50  cc.  acetic  acid  and  200  cc.  water, — the  undissolved  portion  b  with 
100  cc.  acetic  acid  and  200  cc.  water, — and  in  like  manner  the  suc- 
cessive undissolved  portions,  c  with  150  cc.  acetic  acid  and  150  cc. 
water,  d  with  200  cc.  acetic  acid  and  100  cc.  water,  and  e  with  200  cc. 
acetic  acid,  five  solutions  a,  b,  c,  d,  e  are  obtained,  together  with  a 
residue  /.  Each  of  these  solutions  is  precipitated  with  basic  acetate  of 
lead  ;  and  the  precipitates,  after  washing  with  water,  are  decomposed 
by  hydrosulphuric  acid,  the  precipitate /being  also  treated  in  the  same 
manner.  On  filtering  the  solutions  from  the  sulphide  of  lead,  and 
evaporating  them,  first  in  a  stream  of  carbonic  acid,  afterwards  in 
vacuo,  a  leaves  nearly  pure  gallic  acid  ;  b  a  mixture  of  gallic  and  tan- 
nic acid ;  c  tannic  acid  with  traces  of  gallic  acid ; — while  d  and  e 
leave  a  transparent  vitreous  mass  which  gradually  becomes  opaque, 
perfectly  white,  and  very  friable ;  /  leaves  ellagic  and  tannic  acid. 
d,  dried  at  100°  in  vacuo,  contahis  50*81  p.  c.  C,  3*86  H.,  and  45*33  0., 
and  when  boiled  with  hydrochloric  acid  in  a  stream  of  carbonic  acid, 
yields  1*38  p.  c.  ellagic  acid  and  4-38  p.  c.  sugar;  but  this  portion  of  d, 
if  twice  boiled  in  the  state  of  powder,  with  quantities  of  ether  not 
sufficient  to  dissolve  it  completely,  and,  after  the  removal  of  these 
somewhat  coloured  extracts,  dissolved  completely  in  ether,  and 
evaporated  in  vacuo  after  addition  of  water,  contains  51  "72  p.  c.  C, 
3*76  H.,  and  44-53  0.,  and  yields  with  hydrochloric  acid,  0*73  p.  c. 
ellagic  acid  and  7*07  p.  c.  sugar.  —  e  behaves  externally  like  d.  —  The 
tannic  acid  of  /,  when  separated  from  the  ellagic  acid,  contains 
52-21  p.  c.  C,  3.59  II.,  and  44*20  0.,  and  yields  with  hydrochloric  acid, 
7*27  p.  c.  ellagic  acid  and  4*96  p.  c.  sugar  (Rochleder  &  Kawaher). 

Purification  according  to  Rochleder  &  Kawalier.  —  The  solution  of 
tannic  acid  in  the  smallest  possible  quantity  of  water  is  shaken  up 
with  a  small  quantity  of  solution  of  neutral  acetate  of  lead ;  the 
filtrate  is  mixed  with  water,  and  filtered  again  from  the  very  impure 
tannate  of  lead  thereby  precipitated ;  and  the  new  filtrate  is  precipitated 
by  neutral  acetate  of  lead  in  three  portions.  By  decomposing  the 
first  and  third  of  these  precipitates  with  hydrosulphuric  acid,  and 
expelling  the  excess  of  that  acid  by  a  stream  of  carbonic  acid,  solu- 
tions are  obtained,  which,  when  boiled  with  hydrochloric  acid  out  of 
contact  with  the  air,  yield  a  large  portion  of  ellagic  acid.  If  the  tannic 
acid  solution  obtained  in  like  manner  from  the  middle  portion  be  pre- 
cipitated by  tartar-emetic,  with  addition  of  a  little  carbonate  of 
ammonia, — the  precipitate  washed  with  hot  water  and  decomposed 
under  water  with  hydrosulphuric  acid, — and  the  excess  of  that  acid 
expelled  by  passing  carbonic  acid  into  the  hot  liquid,  the  filtrate,  when 
left  to  itself  in  vacuo,  becomes  turbid  and  deposits  a  brown  substance. 
The  solution  separated  from  this  substance  by  filtration,  and  evaporated 
in  vacuo,  leaves  colourless  amorphous  tannic  acid,  which,  when  boiled 
with  hydrochloric  acid,  no  longer  yields  ellagic  acid. 

Estimation  of  Tannic  Acid  in  Astringents.     1.  The  aqueous  extract  is 
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mixed  with  solution  of  gelatin,  as  long  as  a  precipitate  is  thereby  pro- 
duced, the  quantity  of  tannic  acid  which  the  same  solution  of  gelatin 
(or  another  of  known  strength)  is  capable  of  precipitating,  having 
been  determined  by  a  previous  experiment.  (Wheeler,  Mem.  Chem.  Soc. 
3,  319;  Fehling,  Pharm.  Centr.  1853,  872;  Dingl  130,  53.  —  G.  Mliller, 
Dingl,  151,  69 ;  Chem.  Centr.  1859,  42.)  Miiller  mixes  the  gelatin- 
solution  with  \  pt.  alum,  to  accelerate  the  clarification  of  the  hquid. 
—  To  obviate  the  necessity  of  filtering,  or  waiting  for  the  slow  depo- 
sition of  the  precipitate  towards  the  end  of  the  experiment,  Wheeler 
dips  into  the  solution  a  glass  tube  loosely  closed  at  the  bottom  with 
sponge,  and  tries  whether  the  gelatin-solution  which  enters  the  tube 
still  gives  a  cloud  with  solution  of  gelatin.  —  2.  Stein  mixes  the 
aqueous  extract  with  a  known  volume  of  a  standard  solution  of  neutral 
acetate  of  lead,  dilutes  the  mixture  to  a  given  volume,  and  determines 
the  quantity  of  lead  remaining  in  a  measured  portion  of  the  filtrate. 
(Schiveiz.  polyt.  Zeitschr.  2,  169.)  —  3.  Monier  (Compt.  rend.  AG,  577; 
Dingl.  148,  209)  mixes  the  aqueous  extract  with  solution  of  mineral 
chamseleon,  which  rapidly  decomposes  tannic  acid, — the  quantity  of 
tannic  acid  which  this  solution  is  capable  of  decomposing  having  been 
previously  determined.  —  4.  Hammer  {J.  pr.  Chem.  81,  159)  determines 
the  specific  gravity  of  the  solution  both  before  and  after  the  removal 
of  the  tannic  acid,  by  addition  of  about  a  four-fold  quantity  of  animal 
skin,  which  has  been  softened  in  water,  pressed  between  linen,  then 

washed,  dried,  and  pulverised.  See  Table  of  the  specific  gravity  of  aqueous 
tannic  acid  (p.  463).  —  On  the  estimation  of  tannic  acid,  see  also  F.  Miiller  (/V.  Br. 
Arch.  38,  147),  Lbwenthal  (/.  pr.  Chem.  81,  150);  Handtke  (/.  ^r.  Chem.S2,  345; 
Pharm.  Viertelj.  10,  588;  Zeitsehrift  fiir  analyt.  Chemie,  1,  104);  H.  Sackur 
{Ueber  den  Gerbprocess.     Disseriat.  Berlin,  1860). 

Properties.  Colourless,  amorphous  mass  remaining,  when  its  aqueous 
solution  is  evaporated,  in  transparent,  vitreous,  shining,  fissured,  easily 
friable  lumps.  Inodorous.  Tastes  strongly  astringent,  but  not  at  all 
bitter.  Reddens  litmus  strongly.  Does  not  soften  between  the 
fingers.  Acquires  a  yellow  colour  by  exposure  to  light,  even  in  closed 
vessels.  —  No  optical  rotatory  power.  (Kr.) 

Berzelius.            Pelouze.  Liebig. 

at  120°.  at  120°. 

54  C    324     ....     52-42     ....     51-43     50-83     5l'50 

22  H   22     ....       3-56      ...       3-79     4-20     3-95 

34  O    272     ....     44-02     ....     44-r8     44-97     44*55 


C54H22034....  618     ....  100-00     ....  100-00     100-00     100-00 

Mulder.  WetheriU.        Van  Biljert.         Stiecker. 

at  100°.  at  120°. 

C        51-80     50-63     51-90     52-25 

h'.' 3-75     3-64     3-75     3-71 

O  44-45     45-73     44-35     44-04 


100-00     100-00     100-00     100-00 

The  analyses  are  given  in  mean  numbers.  For  Rochleder  &  Kawalier's  analyses 
see  page  456:  Earlifr  formula:  Om^O^^  (Pelouze);  C^^HW  {}...h^^)■C^^^^^O^ 
(WetheriU) ;  C^^HioO^^  (Mulder).  Strecker  at  first  proposed  the  formula  C  H  U  , 
then  that  above  given,  deduced  from  many  accordant  analyses  and  from  the  products 
of  decomposition.     Rochleder  and  Knop  doubt  its  correctness. 
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Decomjiositions.  1.  Tannic  acid  heated  to  150°  or  160°,  becomes 
darker  from  incipient  decomposition  (Strecker)  ;  at  215°  it  is  resolved 
into  water,  carbonic  acid,  and  pyrogallic  acid,  which  volatihse,  and 
metagalhc  acid,  which  remains.  At  250°,  only  metagallic  is  formed, 
without  pyrogallic  acid.  (Pelouze.)  The  decomposition  begins  at  180°  ; 
at  250°,  6*5  p.  c.  acid  water  goes  over,  which  holds  the  pyrogallic  acid 
in  solution,  while  53 — 59  p.  c.  metagallic  acid  remains.  Pyrogallic  acid 
also  subUmes,  and  the  carbonic  acid  which  escapes  contains  a  small 
quantity  of  a  gas  not  absorbable  by  potash.  (Mulder.)  These  decom- 
positions are  represented  by  the  equations — 

C54H2203J  =  4Ci^^H^O^   +   6C02   +    6H0, 

Metaojallic 
acid. 

and  C^m220»*  =  3C12H606   +   C^^H^O^   +   CCO-. 

Pyrogallic       Metagallic 
acid.  acid. 

The  two  decompositions  may  go  on  simultaneously,  (Strecker.) 

Metagallic  acid  (Mulder's  melangallic,  Gerhardt's  gallulmic  acid)  —  which  is  like- 
wise produced  by  rapidly  heating  gallic  acid  to  a  temperature  between  240°  and 
250°  (xii,  401) — remains  in  the  distillation  vessel  in  which  gallo-tannic  is  heated,  as  a 
black,  highly  lustrous,  tasteless  mass,  and  exhibits  the  same  composition  whether 
prepared  from  tannic  or  from  gallic  acid,  or  after  solution  in  potash-ley  and  precipi- 
tation with  acids, — containing,  on  the  average,  66*15  p.  c.  C,  3'86  H.,  and  29*99  O., 
and  answering,  according  to  Pelouze,  to  the  formula  C'-H^O^  (calc.  66 "66  C,  3'70  H., 
and  29*64  O.).  It  is  quite  insoluble  in  water;  dissolves  easily  and  without  residue  in 
aqueous  ammonia,  potash,  and  soda,  also  in  glucina  (?),  and  is  precipitated  by  acids. 
"When  aqueous  potash  is  boiled  to  saturation  with  precipitated  metagallic  acid,  the 
solution  is  neutral  to  vegetable  colours.  The  acid  eliminates  carbonic  acid 
from  alkaline  carbonates,  but  has  no  action  on  pure  baryta  or  its  carbonate. 
The  potash-salt  forms  black  precipitates  with  metallic  salts  ;  the  silver-salt  con- 
tains 53-88  p.  c.  AgO  ;  34*11  C,  1-47  H.,  and  10*54  O.  (Pelouze).  — According 
to  Pelouze,  metagallic  acid,  prepared  by  heating  tannic  or  gallic  acid,  is  apt  to 
retain  pyrogallic  or  gallic  acid.  ^^When  freed  from  these  acids  by  heating  it  as 
long  as  it  yields  any  sublimate,  it  contains,  on  the  average,  66*75  p.  c.  C,  3*60  H., 
and  39*65  O. ;  its  silver-salt  obtained  by  mixing  the  ammoniacal  solution  of  the  acid 
with  nitrate  of  silver,  and  precipitating  with  acetic  acid,  retains  ammonia  when  dried 
at  140°,  and  has  a  silvery  lustre.  By  digesting  the  excess  of  acid  with  potash-ley  for 
several  hours,  evaporating  the  filtrate,  and  drying  at  130°,  the  potash-salt  is  produced 
containing  12*2  p.  c.  KO.,  58*5  C,  2*4  H.,  and"26-7  O.  From  these  results,  Mulder 
represents  the  acid  and  the  potash-salt  by  the  formulae  C^^Hioo^-*  and  C^Hi'>OJ-«,KO. 

2.  Tannic  acid  heated  in  a  platinum  spoon,  decrepitates,  undergoes 
semifusion,  swells  up,  carbonises,  takes  fire,  and  burns  with  a  bright 
flame,  leaving  an  easily  combustible  cinder.  (Berzehus).  —  3.  Exposed 
on  a  watch-glass  to  strongly  ozonised  air,  it  acquires  a  yeUow  or 
yellow-brown  colour,  becomes  glutinous  and  fluid,  strongly  acid,  from 
formation  of  oxahc  acid,  and  if  the  action  be  continued  long  enough, 
disappears  completely,  being  converted  into  water  and  carbonic  acid. 
(Schonbem,  J.  pr,  Chem.  81,  12).  —  4.  Aqueous  tannic  acid,  through 
wliich  ozonised  air  is  passed,  absorbs  it  quickly  and  completely,  becomes 
dark  brown-red,  then  again  hghter,  and  forms  oxahc  acid  and  a  sub- 
stance which  reduces  cupric  oxide,  these  products  being  decomposed 
by  the  further  action  of  the  ozone,  so  that  the  liquid  ultimately  leaves 
but  httle  residue  when  evaporated.  (Gorup-Besanez,  Ann.  Fhami, 
110,  106).  When  a  very  dilute  aqueous  solution  of  tannic  acid  is 
exposed  to  the  air,  it  becomes  turbid,  from  separation  of  gTcy  ciystal- 
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line  gallic  acid ;  oxygen  is  absorbed  at  the  same  time,  and  an  equal 
volmne  of  carbonic  acid  is  produced.  (Pelouze.)  Aqueous  tannic  acid, 
evaporated  with  aid  of  heat  in  open  vessels,  leaves  a  brown  non-trans- 
lucent mass,  which,  when  treated  with  water,  leaves  a  dark-brown 
residue,  a  further  quantity  of  which  is  obtained  by  repeated  evaporation 
and  re-solution  (Berzelius).  This  residue  is  the  oxidised  tannic  acid 
of  the  older  chemists.  —  Peroxide  of  hydrogen  and  oxygenated  oil  of 
turpentine  do  not  produce  any  perceptible  alteration  in  tannic  acid. 
(Schonbein.) 

5.  Aqueous  tannic  acid  dissolves  finely  divided  iodine.  (Debauque, 
N.  Br,  Arch.  68,  191 ;  Pharm.  Viertelj.  1,  278).  When  7  pts.  tannic 
acid  are  triturated  with  1  pt.  iodine  and  300  pts.  water,  a  turbid  hquid  is 
produced,  which  does  not  give  any  indication  of  the  presence  of  iodine 
when  tested  with  starch ;  it  deposits  black-brown  crystals  free  from 
iodine,  amounting  to  -^th  of  the  tannic  acid  used,  and  resembling  tannic 
acid  in  their  behaviour  to  gelatin-solution  and  alkaloids.  The  iodated 
solution  is  red-brown,  strongly  acid ;  does  not  colour  the  skin ;  gives 
a  black  precipitate  with  solution  of  gelatin,  albumin  and  alkaloids.  It 
dissolves  a  quantity  of  iodine  equal  in  weight  to  the  tannic  acid 
employed.  On  mixing  it  with  lime,  tannic  acid  is  precipitated,  the 
whole  or  nearly  the  whole  of  the  iodine  remaining  in  solution  as  iodide 
of  calcium.  Sugar  of  lead  added  to  the  solution,  throws  down  iodide, 
and  then  tannate  of  lead.  The  solution  does  not  yield  either  iodine  or 
hydriodic  acid  by  distillation,  and  when  evaporated,  gives  off  only  a 
small  quantity  of  iodine-vapour  as  the  mass  becomes  dry  ;  neither  can 
iodine  be  detected  by  starch  in  the  residue  of  the  distillation.  (Socquet 
&  Guillermond.) — 6.  Aqueous /oc/jc  acid  ehminates  from  tannic  acid, 
even  in  the  cold,  carbonic  acid  mixed  with  a  small  quantity  of  carbonic 
oxide.  (Millon,  Compt.  rend.  19,  272.)  lodate  of  potash  produces  a  dark, 
and  on  heating,  a  nearly  black  coloration  ;  alcohol  does  not  produce  any 
precipitate  in  the  mixture.  (Simon,  Bepert.  G5,  205.)  —  7.  Bromine  acts 
violently  on  tannate  of  potash,  and  forms  a  brown  resin.  (Cahours, 
N.  Ann.  Chim.  Phys.  19,  507.)  —  8.  By  small  quantities  of  chlorine, 
aqueous  tannic  acid  is  clouded,  coloured  brown,  and  altered  as  by 
evaporation  in  contact  with  the  air;  a  larger  quantity  of  chlorine 
decomposes  it  completely  (Berzelius).  —  Chlorate  of  potash  scarcely 
exerts  any  action  upon  it  (Simon). 

9.  Oil  of  vitriol  dissolves  gallo-tannic  acid  with  lemon-yellow  or 
brown-yellow  colour,  becomes  purple-red,  and  gives  off  sulphurous 
acid  when  moderately  heated,  and  at  a  stronger  heat,  becomes  pitch- 
black  and  forms  humic  acid  (Wackenroder).  —  By  boihng,  or  by  con- 
tinued digestion  at  a  moderate  heat  with  dilute  stdphuric  acid,  tannic 
acid  is  resolved  into  gallic  acid  (Liebig)  and  dextro- glucose  (Strecker, 
see  page  344).  Small  quantities  of  ellagic  acid  and  humous  substances 
are  likewise  formed,  probably  as  secondary  products.  (Strecker.) 
Acetic  acid  is  not  produced  in  this  reaction  (Liebig). 

Liebig  and  Stas  long  ago  supposed  (Ann.  Pharm.  30,  205)  that  a 
carbo-hydrate  is  formed  in  this  decomposition,  in  addition  to  gallic 
acid.  — 100  pts.  tannic  acid  yield  22  pts.  glucose  (Strecker),  at  most 
87-4  pts.  galHc  acid  (Wetherill),  as  much  as  95  pts.  gallic  acid,  together 
with  other  products  of  decomposition,  the  weight  of  all  these  products 
taken  together  being  equal  to  that  of  the  tannic  acid  employed  (Knop). 
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By  the  use  of  properly  diluted  sulphuric  (or  hydrochloric)  acid,  nearly 
the  whole  of  the  tannic  acid  may  be  obtained  in  the  form  of  gallic  acid 
(Stenhouse).  According  to  Strecker's  equation,  100  pts.  tannic  acid 
should  yield  82*5  pts.  gallic  acid  and  29*1  pts.  glucose  (see  also  the  reaction 
with  hydrochloric  acid). 

The  crystallisation  of  the  gallic  acid  is  comparatively  rapid  and 
abundant,  when  gall-nut  powder  is  moistened  with  dilute  sulphuric 
acid  and  exposed  to  sunshine,  tufts  of  crystals  then  appearing  on  the 
surface  in  a  few  hours,  and  additional  quantities  being  obtained  by 
repeatedly  moistening  the  powder  with  acid  and  then  drying  it.  Pure 
tannic  acid  thus  treated  likewise  yields  white  crystals  of  gallic  acid 
(Horsley,  J.jiv.  Chem.  72,  192). 

Tannic  acid  boiled  with  an  insufficient  quantity  of  dilute  sulphuric 
(or  hydrochloric)  acid,  forms  a  nut-brown  humous  substance,  Sten- 
house's  melantannic  acid,  which  is  tasteless,  reddens  litmus,  is  insoluble 
in  cold,  sparingly  soluble  in  hot  water,  but  dissolves  in  alcohol  and  in 
alkalis ;  the  ammoniacal  solution  forms  dark-coloured  precipitates  with 
metallic  salts  (Stenhouse). 

When  tannic  acid  is  boiled  with  aqueous  hydrochloric  acid  out  of 
contact  with  the  air,  ellagic  acid  and  sugar  are  almost  always  obtained, 
their  quantities  however  not  bearing  any  definite  proportion  to  one 
another  (Rochleder  &  Kawalier).  When  aqueous  tannic  acid  was  pre- 
cipitated by  hydrochloric  acid  to  the  amount  of  one-third,  and  the 
solution  decanted  from  the  precipitate  again  precipitated  in  the  same 
manner  to  the  amount  of  one-half,  the  solution  decanted  from  this 
last  precipitate,  and  treated  with  hydrochloric  acid,  deposited  the  rest 
of  the  gallic  acid  in  pure  white  flocks.  On  dissolving  these  in  water, 
and  boiling  with  hydrochloric  acid  in  an  atmosphere  of  carbonic  acid, 
the  liquid  became  yellowish  at  the  boiling  heat— but  not  darker  after 
four  hours, — and  deposited  ellagic  acid.  The  solution  left  to  cool  in  the 
atmosphere  of  carbonic  acid,  and  separated  after  24  hours  from  the 
ellagic  acid,  then  evaporated  down  to  one-half  in  vacuo  over  oil  of 
vitriol  and  sticks  of  potash,  solidified  to  crystals  of  gaUic  acid,  and  the 
other  half  treated  as  described  at  page  340  of  this  volume,  yielded 
crystals  of  glucose.  In  this  manner,  tannic  acid  containing  50-69  p.  c. 
carbon,  3*74  hydrogen,  and  35*57  oxygen,  yielded  5*58  p.  c.  ellagic 
acid  and  9-49  p.  c.  sugar  C^^ffW'*;  but  tannic  acid  with  a  different 
amount  of  carbon,  yielded  other  quantities  of  the  two  substances  (see 
page  456).  Hence  tannic  acid,  even  when  freed  as  completely  as  pos- 
sible from  admixed  ellagic  and  gallic  acid,  generally  contains  a  com- 
pound which  yields  ellagic  acid, — a  second  which  yields  gallic  acid 
(these  two  acids  not  being  formed  one  from  the  other),  and  perhaps 
also  sugar, — or  possibly  a  third  from  which  the  sugar  is  produced.  It 
is  possible  indeed,  by  the  method  given  at  page  456,  to  obtain  a  tan- 
nic acid  free  from  the  compound  which  yields  ellagic  acid,  but  not  to 
free  it  from  the  second  body  which  yields  glucose  in  the  decomposition, 
although  the  quantity  of  sugar  may  be  reduced  as  low  as  4  per  cent. 
The  greatest  quantity  of  sugar  obtained  amounted  to  9-49  p.  c.  of  the 
tannic  acid.  A  tannic  acid  having  the  composition  found  by  Strecker, 
yielded  7'27  p.  c.  ellagic  acid,  and  4*96  p.  c.  sugar  (Rochleder  & 
Kawalier).  llence  Rochleder  &  Kawalier  regard  tannic  acid  as  a 
glucoside  (see  also  the  statements  of  Knop  and  Robiquet). 

10.  Nitric  acid  docs  not  precipitate  aqueous  tannic  acid,  or  with 
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difficulty  only,  but  colours  it  yellow,  then  red,  and  decomposes  it  quickly, 
with  formation  of  oxalic  acid  (Stenhouse).  —  11.  When  aqueous  tan- 
nic acid  is  mixed  with  aqueous  osmic  acid  of  the  strength  of  3  per  cent., 
an  inodorous,  deep-blue  liquid  is  formed,  transparent  only  in  thin  films, 
and  leaving-  on  evaporation  a  black-blue,  amorphous,  insoluble  layer. 
On  dissolving  this  residue  in  aqueous  osmic  acid,  osmic  oxide  is 
separated,  the  reaction  being  accelerated  by  heat,  and  the  red-brown 
filtrate  ol3tained  after  heating  the  liquid  with  ammonia,  yields  by 
evaporation  brown  crystalluie  needles  and  a  humous  substance.  The 
needles  contain  oxalic  acid  and  an  acid  very  much  hke  suberic  acid 
(Buttlerow,  J.  pr.  Chem.  56,  207). 

12.  Tannic  acid  boiled  with  excess  of  weak  potash-ley  yields  gallic 
acid  (Liebig,  xii,  398).  The  solution  separated  from  the  gallic  acid 
does  not  contain  acetic  acid.  By  prolonged  boiling,  the  gallic  acid  is  re- 
solved into  carbonic  and  pyrogallic  acids  (Liebig).  In  contact  with 
the  air  it  changes,  as  described  at  page  401,  vol.  xii.  With  cold  potash- 
ley  in  contact  with  the  air,  it  forms  tannoxylic  acid  (xii :  437,  Buchner). 
Aqueous  tannic  acid  agitated  with  soda-ley  and  oxygen,  becomes 
transparent  and  brownish  yellow  when  supersaturated  with  dilute 
sulphuric  acid,  and  yields  peroxide  of  hydrogen  to  ether  (Schonbein, 
J.pr.  Chem.  81,  12). 

When  tannic  acid  is  treated  with  alkalis  in  a  current  of  hydrogen, 
gallic  acid  and  a  gum  C^'^H^O"  are  produced  (Rochleder  &  Kawaher, 
Wien.  Akad.  Ber.  22,  558).  — 13.  Tannic  acid  boiled  with  hydrate  of 
baryta,  yields  gallic  acid  and  glucate  of  baryta  (Rochleder  &  Kawalier). 
Baryta-  or  lime-water  in  excess  quickly  colours  tannic  acid  green,  blue, 
red  and  yellowish  brown  ;  acids  decolorise  the  solution  (Wackenroder). 

14.  When  tannic  acid  is  boiled  for  several  hours  with  an  equal 
weight  of  monosulphite  of  soda  or  potash  and  12  pts.  of  water,  or  when 
the  solution  is  evaporated  till  it  froths  up  in  viscid  bladders,  a  quantity 
of  anhydrous  gallic  acid  is  obtained  equal  to  75 — 79  p.  c,  and  5  or  6  per 
cent,  of  a  second  body,  which  contains  an  equal  number  of  atoms  of  car- 
bon, hydrogen  and  oxygen,  but  is  not  sugar  (Knop).  Knop  likewise 
found  small  quantities  of  ellagic  acid,  which  perhaps  was  previously 
contained  in  the  tannic  acid.  On  evaporating  to  complete  dryness  with 
sulphite  of  soda,  and  redissolving  in  the  smallest  possible  quantity  of 
boiling  water,  ellagate  of  soda  remains  behind,  together  with  a  green  fat 
contained  in  the  tannic  acid  ;  after  this  has  been  removed  by  filtration,  a 
quantity  of  alcohol  about  equal  to  8  or  10  times  the  weight  of  the  tannic 
acid  used  is  to  be  added.  By  this  means  a  red-brown  syrup  is  precipitated, 
while  sulphite  and  gallate  of  ammonia  remain  dissolved  and  crystal- 
lise from  the  decanted  liquid.  The  red-brown  syrup  contains  sulphite 
of  soda  in  combination  with  a  dark  brown  substance,  which  acquires 
a  crimson  colour  with  oil  of  vitriol,  and  forms  a  compound  with  oxalate 
of  soda,  which  crystallises  in  needles,  but  cannot  be  obtained  of 
constant  composition.  The  syrup  dissolves  in  water  and  in  alcohol, 
less  easily  in  absolute  alcohol,  and  not  at  all  in  ether  (Knop,  Chem, 
Centr.  1857,  370).  — 15.  Tannic  acid  boiled  with  aqueous  sulphite  of 
ammonia  yields  crystalline  gallamic  acid  (xii,  435)  and  an  amorphous 
substance  which  remains  in  the  mother-liquor.  When  the  latter  is  decom- 
posed with  bichloride  of  tin,  ammonia  (not  hydrilamine,  xii,  435)  and  Knop's  former 
paragallic  acid  are  obtained,  which  latter  Knop  now  regards  as  a  mixture  of  gallic 
acid  with  a  carbohydrate  and  water  C"H80i-,C«H«08,4HO. 
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16.  Chromic  acid,  heated  with  aqueous  gaUic  acid,  quickly  decom- 
poses it,  with  evolution  of  carbonic  acid  (HUnefeld,  J.pr.  Chem.  16,  361). 
Bichromate  of  potash  produces  a  yellow-brown  precipitate,  which 
quickly  turns  black  (Wackenroder).  —  17.  Peroxide  of  manganese,  heated 
with  aqueous  tannic  acid,  with  or  without  sulphuric  acid,  decomposes 
it,  with  evolution  of  carbonic  acid  and  formation  of  brown  extractive 
matter.  No  gallic  acid  is  produced  in  this  reaction  (HUnefeld).  By 
permanganate  of  potash,  aqueous  tannic  acid  is  rapidly  oxidised,  the 
solution,  if  concentrated,  giving  off  carbonic  acid.  In  this  reaction  a 
body  of  undetermiued  constitution  is  produced,  besides  carbonic  acid 
and  water  (Monier).  One  milligramme  of  tannic  acid  dissolved  in  a 
litre  of  water,  is  sufficient  to  decolorise  the  acid  solution  of  the  per- 
manganate (Monier).  When  permanganate  of  potash  is  added  to  a 
strongly  acid  solution  of  tannic  acid,  the  colour  of  the  permanganate 
disappears  quickly  at  first  (the  liquid  becoming  yellow  and  then 
colourless),  more  slowly  if  a  portion  of  the  tannic  acid  has  been  de- 
composed, so  that  the  instant  at  which  the  last  portion  of  the  tannic 
acid  disappears  cannot  be  recognised  with  certainty.  100  pts.  tannic 
acid  take  up  about  60  pts.  oxygen  from  the  permanganate  (Mohr, 
Titrirmethode,  2  Aufl.  Braunsch.  527). 

18.  Tannic  acid  reduces  ferric  solutions  partially  at  common 
temperatures,  completely  at  the  boiling  heat,  to  ferrous  solutions. 
(Wackenroder,  vid,  inf.)  — 19.  From  cupric  salts,  it  reduces  cuprous 
oxide ;  from  mercuric  chloi^ide,  mercurous  chloride ;  from  solutions  of 
mercurous  or  mercuric  oxide,  it  gradually  throws  down  metallic  mercury. 
(Wackenroder.)  Carbonate  of  silver  is  reduced  by  tannic  acid,  even  in 
the  cold.  (Schiff,  Ann.  Pharm.  109,  65.) 

20.  Aqueous  tannic  acid  which  remains  unaltered  when  not  exposed 
to  the  air,  decomposes,  with  evolution  of  carbonic  acid  and  formation  of 
gallic  acid,  if  it  remains  in  contact  with  the  nitrogenous  constituents  of 
the  gall-nuts,  therefore,  in  infusion  of  galls,  and  more  quickly  in  gall-nuts 
moistened  with  water.  (Robiquet,  Pelouze.)  Ellagic  acid  is  formed  at 
the  same  time.  (Erdmann,  Mulder.)  The  formation  of  mould,  which 
commonly  takes  place,  has  no  influence  on  the  transformation.  (Winck- 
ler,  Pepert.  53,  401.)  The  decomposition  takes  place  even  in  closed 
vessels  (Nesenbeck,  N.  Br.  Arch.  31,  129),  and  more  quickly  in  propor- 
tion as  the  solution  of  tannic  acid  is  more  dilute.  (Robiquet.)  The 
transformation  is  to  be  regarded  as  a  fermentation  process,  inasmuch  as 
it  is  stopped  or  retarded  by  antiseptic  substances,  as  alcohol,  wood- 
vinegar,  creosote,  mercuric  oxide,  and  corrosive  sublimate;  moreover 
gall-nuts  freed  from  tannic  acid  by  ether,  excite  vinous  fermentation  in 
solution  of  sugar.  (Larocque.)  The  pectase  of  the  gall-nuts  is  the 
ferment  which  excites  the  gallic  acid  fermentation,  and  the  simultaneous 
conversion  of  the  pectose  into  pectin.  The  pectase  of  gall-nuts  is  also 
capable  of  converting  the  pectin  of  fruits  into  pectic  acid  ;  and  pectase 
from  turnips  can  excite  the  gallic  acid  fermentation.  Tannic  acid  pre- 
pared with  ether,  but  not  purified,  still  contains  sufficient  pectase  to 
give  rise  to  decomposition  when  dissolved  in  water.  Emulsin,  yeast, 
vegetable,  or  animal  albumin,  and  legumin,  retard,  rather  than  pro- 
mote, the  gallic  acid  fermentation.  (Robiquet.)  In  the  preparation 
of  gallic  acid  by  method  5,  page  399,  vol.  xii,  Braconnot  observed  the 
formation  of  alcohol.  —  Tannate  of  quinine,  which  is  insoluble  in  water, 
is  converted  by  continued  digestion  with  water  into  soluble  gallate  of 
quinine.    (Lintner,   N.  Pepert.  1,  411;   Pharm.  Centr.  1853,   218.)  — 
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Tannate  of  soda  dissolved  in  water,  together  with  bicarbonate  of 
soda,  and  mixed  with  yeast,  forms  gallic  acid  and  humous  substances. 
(Ranke,  J.  2)r.  Chem.  56,  161.) 

Combinations.  Tannic  acid  does  not  become  moist  when  exposed  to 
the  air.  (Berzehus.)  It  is  hygroscopic,  and  cannot  be  dehydrated 
by  a  heat  below  120°.  (Mulder.)  After  drying  in  vacuo,  it  does 
not  lose  more  than  0-8  p.  c.  of  its  weight  at  120°,  nor  any  more 
till  it  begins  to  decompose.  (Strecker.)  The  acid  dried  at  the  heat  of 
the  water-bath,  gives  off  at  150°,  10  p.  c.  water  if  it  has  been  obtained 
from  ether,  12*85  p.  c.  if  it  has  been  obtained  from  water  ;  —  the  water 
thus  given  off  is  free  from  empyreumatic  odour.  (Luboldt.) 

Tannic  acid  dissolves  readily  in  water,  forming  a  colourless  frothing 
liquid. 

Sp.  gr.  of  aqueous  Tannic  acid  at  15°,  according  to  Hammer. 


Tannic  acid 

per  cent.  Sp.  gr. 

1    1-0040 

2    1-0080 

3    1-0120 

4    1-0160 

5    1-0210 


Tannic  acid 

per  cent.  Sp.  gr. 

6    1-0242 

7    1-0283 

8    1-0325 

9    10367 

10    1-0409 


I 

^K  %.  Tannic  acid  is  about  200  times  less  di fusible  than  chloride  of 
^|K)dium :  the  diffusate  contains  unaltered  tannic  acid  (Graham,  Chejn. 
^m>c.  J.  15,  250).     %. 

Hf  Tannic  acid  is  precipitated  from  its  aqueous  solution  by  several 
^nsalts,  as  by  sal-ammoniac,  common  salt,  sulphate  and  acetate  of  potash 
(not  by  nitre  or  Glauber's  salts,  according  to  Strecker),  by  sulphuric  and 
lij^drochloric  acids  (Berzehus),  from  very  concentrated  solution  by  phos- 
phoric, oxahc,  and  tartaric  acids  (Wackenroder),  and  by  arsenic  acid. 
(Berzehus.)  When  boracic  acid  is  dissolved,  with  aid  of  heat,  in  aqueous 
tannic  acid,  the  mass  solidifies  on  coohng  to  a  white  jelly,  which  dries  up 
to  a  bulky  snow-white  mass.  (Berzehus.)  These  precipitates  were 
regarded  by  Berzehus  as  compounds  of  tannic  acid  with  mineral  acids; 
;  but  the  precipitate  thrown  down  by  sulphuric  acid  retains,  after 
pressure,  only  a  small  and  variable  quantity  of  sulphuric  acid ;  that 
produced  by  hydi'ochloric  acid  gives  off  all  its  hydrochloric  acid  in  vacuo 
over  quick-hme  ;  hence  the  precipitates  can  be  regarded  only  as  mixtures 
of  tannic  acid  with  mineral  acids,  produced  because  tannic  acid  is  less 
soluble  in  acidulated  than  in  pure  water.  (Strecker.) 

Gallo-tannic  acid  expels  carbonic  acid  from  its  salts ;  it  precipitates 
most  metallic  salts,  and  unites  with  the  oxides,  forming-  the  galhtan- 
nates.  The  acid  is  terhasic,  its  neutral  (terbasic  or  termetalUc)  salts  having 
the  formula  C"H^^M^O^*  (Strecker) ;  but  it  likewise  forms  acid  and  basic 
salts.  The  salts  quickly  change  in  contact  with  the  air,  and  are  difficult 
to  obtain  pure. 

Tannate  of  Ammonia.  —  Tannic  acid  absorbs  ammonia-gas  which  is 
passed  over  it,  forming  a  compound  corresponding  to  the  formula 
^28^10028^  4NH^  which  turns  brown  at  100°  C.  giving  off  water  and 
ammonia.  (Midder.)  —  By  nearly  neutralising  aqueous  tannic  acid 
with  ammonia,  a  yellowish  red  hquid  is  obtained,  which  turns  green  in 
contact  with  the  air,  and  is  coloured  dark  red  by  excess  of  ammonia. 
(Biichner.) 

I 
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Carbonate  of  ammonia  added  to  aqueous  tannic  acid  throws  down 
a  white  precipitate,  which  changes  to  a  white  powder  in  vacuo. 
(Berzehus.)  An  excess  of  carbonate  of  ammonia  causes  the  white 
precipitate  produced  at  first  to  disappear  immediately,  and  the  hquid, 
after  standing  for  some  time,  acquires  a  red-brown  colour,  and 
deposits  light  white  flocks.  (Biichner.)  —  Ammonia-gas  passed  to 
saturation  into  a  solution  of  tannic  acid  in  absolute  alcohol,  throws 
down  white  flocks,  or  if  the  solution  is  very  strong,  a  wliite  resin,  which 
becomes  friable  when  repeatedly  treated  with  absolute  alcohol.  This 
substance,  dried  between  filtering  paper  and  then  over  oil  of  vitriol,  forms 
a  resin  having  a  faint  brown  tint,  and  very  soluble  in  water.  (Biichner.) 


a, 

108  C  

53  M  

3  N 

.     50-35 
.       4-12 
.       3-26 
.     42-27 

108  C  ... 

51  H  ... 

3  N  ... 

66  O  ... 

h. 

.     51-07     ... 
.       4-02     ... 
.       3-31     ... 
.     41-60     ... 

Biichner. 
mean. 

51-08 

4-69 

3-32 

68  O  

40-yi 

2C5*H2203^,3NH\.. 

.  lOO'OO 

2C54H2J033,3NH^.. 

.   100-00     ... 

100-00 

b.  According  to  Strecker,  who  regai-ds  this  compound  as  the  ammonia-salt  of  an 
amidated  acid  of  tannic  acid. 

Tcmnate  of  Potash,  a.  Poh/hcislc  ?  —  The  salt  h  forms,  with  a  certain 
quantity  of  potash-ley,  a  yellow  solution,  which  has  an  astringent  but 
not  very  alkaline  taste,  and  leaves,  when  evaporated,  a  yellow-brown 
transparent  extract  soluble  in  water.  —  The  addition  of  a  larger 
quantity  of  potash  causes  decomposition  during  the  evaporation. 
(Berzelius.) 

b.  Terhasic  ?  —  From  a  not  too  dilute  aqueous  solution  of  tannic 
acid,  caustic  potash,  monocarbonate,  and  bicarbonate  of  potash,  throw 
down  a  white  powder,  which,  after  washing  and  pressing,  dries  up  to 
a  white  earthy  mass,  permanent  in  the  air.  This  substance,  dissolved 
in  a  small  quantity  of  boiling  water,  separates  on  cooling  in  the  form 
of  a  white  granular  mass,  which  leaves  the  same  earthy  substance 
on  being  left  to  dry  spontaneously.  It  dissolves  in  a  larger  quantity 
of  water,  forming  a  neutral  liquid,  which  has  an  astringent  taste,  and 
sohdifies  to  a  jelly  when  concentrated.  It  dissolves  in  warm  aqueous 
tannic  acid,  and  separates  unaltered  on  cooling.  In  alcohol  it  is  nearly 
or  quite  insoluble.  (Berzehus.) 

c.  Bibasic.  —  AlcohoHc  potash  is  added  to  moderately  dilute  alco- 
hoUc  tannic  acid  till  red  veins  form  on  the  surface.  —  White  crystal  fine 
flocks,  forming  when  dry  an  earthy  mass,  soluble  with  greenish  colour 
in  water,  partly  precipitable.  The  aqueous  solution,  when  evaporated, 
leaves  a  brown  smeary  mass.  (Biichner.) 

Biichner. 
at  100°.  mean. 

54  C    32i-0     ....     45-48     45-00 

22  H  22-0     ....       3-09     3-05 

34  O      272-0     ....     38-18     38-70 

2  KO    94-4     ....     13-25     13-25 

C54H20K2O34,2HO 712-4     ....  100-00     100*00 
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Tannate  of  Soda  1 — When  aqueous  tannic  acid,  neutralised  as  nearly 
as  possible  with  soda-ley;  is  left  to  evaporate  freely,  there  remains  a 
greenish  grey-yellow  semi-crystalline  mass,  with  distinct  j'-ellow  cry- 
stalline laminae  on  its  edges.  A  small  quantity  of  cold  vf  ater  dissolves 
a  portion  of  this  substance,  leaving  a  salt  similar  to  the  potash-salt  6, 
which,  if  dissolved  in  boihng  water,  separates  as  a  neutral  white 
powder  on  cooling.  The  crystalline  salt,  which  dissolves  in  cold  water, 
is  insoluble  in  alcohol,  and  melts  therein  when  heated.  It  has  a  shght 
alkaline  reaction,  and  does  not  precipitate  a  solution  of  gelatin,  even 
after  addition  of  acid.  (Berzelius.)  A  concentrated  aqueous  solution 
of  tannic  acid  behaves  with  caustic  soda  or  its  carbonate  hi  the  same 
manner  as  with  potash.  When  mixed  with  excess  of  carbonate  of 
soda,  it  forms  a  yellowish  solution,  which  turns  green  in  contact  with 
the  air,  and  deposits  a  small  quantity  of  yellow-green  crystaUine  pre- 
cipitate. (Buchner.) 

With  5  at.  Base  to  2  at.  Acid.  —  Precipitated  by  alcoholic  soda-ley 
from  a  cooled  moderately   dilute   alcoholic   solution  of   tannic   acid. 

From  warm  or  too  concentrated  solutions,  a  resin  is  precipitated.  The  precipitate, 
when  dried  over  the  water-bath,  forms  a  faintly  yellow,  earthy,  friable 
mass.  With  a  small  quantity  of  water,  it  coagulates  to  a  gummy 
mass,  and  with  a  much  larger  quantity  it  forms  a  clear  brown  solution, 
which  becomes  milky  as  it  cools.  The  concentrated  aqueous  solution 
evaporated  over  oil  of  vitriol  leaves  a  brown  film  and  laminae. 
(Biichner.) 


Biichner. 

at  100°. 

mean. 

108  C  

....     648     ... 

....     46-59     .. 

46-57 

44  H 

....       44     ... 

....       3-16     .. 

3-26 

68  O 

....     644     ... 

....     39-11     .. 

39-60 

5  NaO 

....     155     ... 

....     11-14     .. 

10-57 

2C54H2^034,5NaO 

....  1391     ... 

....  100-00     ... 

100-00 

So  according  to  Strecker 

Tannate  of  Baryta. — a.  Baryta-water  added  to  aqueous  tannic  acid, 
throws  down  a  basic  salt.  (Berzelius.)  The  precipitate  dissolves  in 
aqueous  tarmic  acid,  not  in  excess  of  baryta- water ;  it  turns  green 
when  left  to  stand,  or  when  washed  in  contact  with  the  air ;  also  if  it 
has  been  precipitated  with  baryta-water,  not  in  excess. 

h.  If  carbonate  of  baryta  be  added  to  aqueous  tannic  acid  as 
long  as  effervescence  takes  place,  the  liquid  then  filtered,  and  the 
filtrate  concentrated,  only  small  quantities  of  flocks  separate  on 
cooling ;  but  alcohol  added  to  the  brown  solution,  throws  down  a 
white  light  powder,  which,  after  washing  with  alcohol,  turns  brown  on 
drying. 

c.  From  warm  aqueous  solutions  of  alkaline  tannates,  chloride  of 
barium  throws  down  a  white  precipitate,  sparingly  soluble  in  cold 
water,  more  soluble  in  boiling  water.  (Berzelius.)  The  fight  floccu- 
lent  precipitate  assumes  a  very  faint  reddish  colour  when  washed,  and, 
after  drying  at  100°,  contains  39-7  p.  c.  C,  2-8  H.,  36-8  0.,  and  20-7 
BaO.  (Buchner.)  Buchner  gives  the  formula  4C^«H80^^3BaO  :  Strecker 
regards  the  salt  as  a  mixture  of  terbasic  (C^^H^^O^  3BaO),  and  bibasic 
salt  (C"IP0^2BaO.). 

Strontia  reacts  with  tannic  acid  like  baryta.  (Berzelius.) 

VOL.  XV.  2   H 
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Tannate  of  Lime. — Milk  of  lime,  added  in  excess  to  aqueous  tannic 
acid,  precipitates  it  completely  as  insoluble  basic  salt.  (Berzelius.) 
Chloride  of  calcium  solution  does  not  precipitate  aqueous  tannic  acid 
(Wackenroder),  but  from  the  acid  nearly  neutralised  with  ammonia,  it 
throws  down  the  neutral  salt,  which  redissolves  during  washing'. 
(Berzelius.)  The  precipitate  quickly  turns  bluish-green,  then  brown  ; 
the  white  precipitate  thrown  down  from  fixed  alkahne  tannates  is 
almost  wholly  soluble  in  water,  and  dissolves  readily  in  acetic  acid. 
(Wackenroder.) 

Tannate  of  Magnesia.  —  Hydrate  of  magnesia  and  magnesia  alba  are 
coloured  yellow  by  aqueous  tannic  acid,  and  throw  down  nearly  all  the 
tannic  acid  forming  a  basic  compound.  (Berzelius,  Ft.  Miiller.) 

Tannate  of  Alumina. — Hydrate  of  alumina,  shaken  up  with  aqueous 
tannic  acid  quickly  unites  with  it,  forming  an  insoluble  compound 
(Pelouze)  which  dissolves  in  excess  of  tannic  acid.  (Berzelius.)  — 
Glucina  and  ytt7ia  react  like  alumina. 

Tannate  of  Titanic  oxide.  —  From  hydrochlorate  of  titanic  oxide, 
neutralised  as  nearly  as  possible  with  ammonia,  aqueous  tannic  acid 
throws  down  yellow-red  flocks.  (Pfaff.)  —  From  acid  solutions  of 
titanic  acid,  infusion  of  galls  throws  down  at  first  a  brownish  precipi- 
tate, quickly  changing  to  pale  orange-red.  (Rose.) 

Infusion  of  galls  colours  hydrate  of  tantalic  acid  orange-yellow,  and 
precipitates  the  tantalic  acid  with  the  same  colour  from  its  acid  and 
alkaline  solutions.  The  light  yellow  precipitate  dissolves  in  alkahs. 
(Rose).  —  The  infusion  does  not  alter  alkaline  tungstates,  but  acids 
added  to  the  mixture,  throw  down  a  thick,  chocolate-coloured  pre- 
cipitate. —  Tannic  acid  colours  alkaline  molyhdates  deep  blood-red,  and 
on  addition  of  hydrochloric  acid,  a  blood-red  precipitate  is  formed,  which 
dissolves  in  a  large  quantity  of  water.  (Rose.) 

With  salts  of  vanadic  oxide,  aqueous  tannic  acid  forms  a  bluish-inky 
mixture,  which,  when  left  to  stand  quietly,  deposits  a  black  precipitate. 
—  With  alkaline  vanadates,  infusion  of  galls  first  gives  a  green,  then 
an  inky-black  colouring :  the  mixture  diluted  with  a  large  quantity  of 
water,  forms  a  clear  dark-blue  liquid,  which  gradually  turns  green  in 
contact  with  the  air.  The  concentrated  mixture  may  be  used  as  an 
ink,  but  changes  in  contact  with  the  air,  the  black-blue  colour  passing 
into  green.  The  writing  is  durable,  and  withstands  the  action  of 
hydrochloric  acid,  of  chlorine,  or  of  alkahs,  but  is  destroyed  by  successive 
treatment  with  chlorine  and  alkahs  (or  by  nitric  acid  :  Kr.)  (BerzeHus). 

Chromic  hydrate  forms  with  aqueous  tannic  acid  an  insoluble  com- 
pound, which  is  likewise  precipitated  on  mixing  chromic  salts  with 
tannic  acid.  (Berzelius.)  Infusion  of  galls  does  not  precipitate  chromic 
salts.  (Rose.)  Uranic  oxide  behaves  with  tannic  acid  like  chromic 
oxide.  (Berzehus.)  Infusion  of  galls  throws  down  a  red-brown 
precipitate  from  neutral  uranic  salts.  (Rose.)  —  The  infusion  does  not 
decompose  either  arsenites  or  arsenates.  (Rose.) 

Tannate  of  Antimony.  —  Aqueous  tannic  acid  throws  down  from 
tartar-emetic  a  thick  white  precipitate,  which  during  washing,  partly 
dissolves  in  the  water  and  is  partly  carried  through  the  filter,  rendering 
the  liquid   milky.       The   white    gelatinous,  very   sparingly  soluble 
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precipitate  consists  of  SC^^H^O^SSbO^  (Pelouze),  or,  according  to 
Strecker's  formula  for  tannic  acid,  of  C^.H220^Sb0^2HO.  On  the  be- 
haviour  of  tannic  acid  with  tartar- emetic,  see  Berzelius  {Lehrb.  3  Aufl,  6,  229). 

Tellurium-salts  are  precipitated  yellow  by  infusion  of  galls. 

Tannate  of  Bismuth.  Bismuth  salts  form  a  yellow  precipitate  with 
infusion  of  galls.  44  pts.  of  crystalUsed  nitrate  of  bismuth  arc 
decomposed  by  a  slight  excess  of  carbonate  of  soda,  and  the  washed 
precipitate  is  mixed  Avith  20  pts.  tannic  acid.  The  compound  contains 
53  p.  c.  bismuth-oxide  and  47  p.  c.  tannic  acid.  (Cap,  Pharm.  Viertelj. 
8,  589.) 

Tannate  of  Zinc  —  "White  precipitate  thrown  down  from  zinc-salts 
by  alkaline-salts.  (Wackenroder.)  —  Helm  {N.  Br.  Arch.  106,  20,  i 
Pharm.  Viertelj.  11,  99)  mixes  the  solution  of  6  oz.  sulphate  of 
zinc  in  4  lbs.  water,  with  ammonia  not  in  excess,  as  long  as  a  pre- 
cipitate is  thereby  produced ;  this  precipitate  is  collected,  washed,  and 
stirred  up  with  3 J  oz.  tannic  acid  and  water ;  and  the  mixture  is 
heated  to  boiling,  drained  and  dried.  Yellowish  white  powder, 
insoluble  in  water. 

Tannate  of  Cadmium.  —  Hot  aqueous  tannic  acid  throws  down  from 
cadmium-salts  a  white  precipitate,  which  assumes  a  yellow-green 
colour  when  dry,  becomes  anhydrous  at  100*",  and  contains  21*4  p.  c. 
'^dO.     Insoluble  in  water  arid  in  alcohol.  (Schiff.) 

Stannous  Tannate.  —  Stannous  hydrate  takes  up  tannic  acid  from 
ts  aqueous  solution  ;  stannous  salts  are  precipitated  by  tannic  acid. 
[Berzelius.)  The  white  flocks  precipitated  from  aqueous  tannic  acid, 
lissolve  readily  in  excess  of  protochloride  of  tin ;  those  precipitated 
rom  tannate  of  soda  are  but  very  slig-htly  soluble.  (Wackenroder.)  — 
Stannic  hydrate  decolorises  infusion  of  galls  when  digested  with  it,  and 
appears  to  take  up  all  the  tannic  acid.  (Proust,  Bavy.)  Infusion  of 
galls  precipitates  hydrochlorate  of  stannic  oxide.  (Wuttig.) 

Tannate  of  Lead.  — •  Tannic  acid  heated  with  excess  of  lead-oxide 
to  120°  —  140°,  gives  off  from  4-1  to  4-4  p.  c.  water  (3  at.  =  4*4  p.  c.) 
(Strecker).  Part  of  the  tannic  acid  is  apt  not  to  enter  into  combination 
with  the  lead  oxide,  and  may  be  dissolved  out  of  the  dried  mass  by 
water,  another  portion  is  altered  by  contact  with  the  air.  (Strecker.) 
Mulder  obtained  in  three  experiments,  from  2*3  to  3*0  p.  c.  loss  of 
water ;  in  one  experiment,  4,  and  in  another,  5*7  per  cent.  Hydrate 
of  lead  abstracts  tannic  acid  from  its  aqueous  solution  (Berzelius). 
Concentrated  aqueous  tannic  acid  dissolves  rather  large  quantities  of 
hydrate  of  lead,  which  are  for  the  most  part  precipitated  on  addition 
of  water.  (Hitter.) 

By  precipitating  aqueous  tannic  acid  with  neutral  acetate  of  lead, 
salts  may  be  formed  containing  quantities  of  lead-oxide,  varying  from 
34*12  to  64  p.  c. ;  among  them  are  three  definite  lead-salts,  the  rest 
being  mixtures  of  these  with  each  other.  (Strecker.)  Mulder  obtained, 
under  different  circumstances,  5  salts  which,  at  120°,  contained  |,  2,  3,  4, 
and  5  at.  lead-oxide  to  1  at.  tannic  acid  (C^^H^O"  according  to  Mulder). 
By  precipitating  tannic  acid  or  tannate  of  potash  with  basic  acetate  of 
lead,  a  basic  salt  is  obtained,  which  becomes  yellow-green  during 
washing.  (Berzelius.)  All  the  lead-salts  are  yellow  when  recently 
precipitated,  excepting  the  neutral  (terbasic)  salt.     Their  organic  sub- 
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staiice  exhibits  at  120°,  the  composition  expressed  by  the  formula 
(J54JJ19Q31 .  j|-  (jQ(^g  j^Q^  give  off  any  water,  wlicn  further  exposed  to 
heat,  but  the  salts  decompose  at  150°.  They  are  difficult  to  wash,  and 
during  washing,  absorb  oxygen  from  the  air,  assuming  a  darker  colour 
from  the  surface  inwards.  (Strecker.) 

a.  With  9  or  10  at.  Lead-oxide. — When  aqueous  tannic  acid  is 
poured  into  a  boiling  aqueous  solution  of  neutral  acetate  of  lead,  so 
that  this  salt  remains  in  excess,  the  filtrate  further  precipitated  by 
tannic  acid,  and  the  mixture  boiled  for  a  quarter  of  an  hour  in  con- 
tact with  a  large  quantity  of  free  acetic  acid,  a  yellowish  powder  is 
obtained, which  at  100°  becomeswhitish  grey,  and  contains  20*24  p.  c.  C, 
1-11  H.,  and  63-0  to  64-09  p.  c.  PbO.  (Liebig,  Ann.  Phnrm.  26,  128). 
This,  according  to  Strecker,  is  the  salt  C^H^Tb^O^  6PbO  (calc.  20-25 
p.  c.  C  1-19  H.,  13-50  0.,  and  63-06  PbO).— The  precipitate  thrown  down 
from  excess  of  boiling  sugar  of  lead  by  dilute  aqueous  tannic  acid,  when 
collected  after  a  few  minutes'  boiling,  and  dried  in  vacuo,  gave  off  at 
120°,  1-54  p.  c.  water  (3  at.  water  r=  1-5  p.  c.)  and  then  contained 
64-7  p.  c.  lead-oxide,  corresponding  to  the  formula  C^IPPb^O^STPbO. 
When  dried  it  slowly  absorbs  carbonic  acid  from  the  air.  (Strecker.) 


In  vacuo. 

Strecker. 

54  C  

324     .... 

...     18-64     .. 

18-2 

22  H 

22     ..... 

..       1-26     ... 

1-0 

34  O 

272     

...     15-65     .. 

17-1 

10  PbO 

1120      .... 

...     64-45     .. 

63-7 

C54Hi9pb3034,7PbO  +  3aq 

....  1738     .... 

...  100-00     .. 

100-0 

b.  With  6  at.  Lead-oxide. — Luke-warm  aqueous  tannic  acid  is  pre- 
cipitated by  excess  of  neutral  acetate  of  lead,  and  the  precipitate  is 
washed  with  boiUng  water.  After  drying  in  vacuo,  it  sustains,  at  120°, 
a  loss  of  weight  amounting  to  2*2  per  cent.  (3  at.  water  =  2-1  p.  c. 
Strecker). 

Strecker. 


54  C    

In  vacuo. 
324 

....     25-11     ... 

1-71     ... 

....     21-09     ... 

....     52-09     ... 

mean. 
..     24*85 

22  H    

34  O    

22     .... 

272     ... 

....       1-40 
20-95 

6  PbO    

672     ... 

....     52-80 

C54Hi9pb3034,3PbO  +  3aq 

1290     ... 

....  100-00     ... 

....  100-00 

c.  With  3  at.  Lead-oxide. — When  aqueous  tannic  acid  is  precipitated 
by  sugar  of  lead,  a  white  precipitate  is  formed,  which  assumes  a 
darker  colour  when  exposed  to  the  air.  This  precipitate  treated 
with  boiling  water,  gives  up  tannic  acid,  and  leaves  neutral  tannate 
of  lead,  which  becomes  gummy  and  darker  coloured  in  contact  with 
ammonia,  without  altering  its  amount  of  oxide  of  lead  (34*21  p.  c). 
x\fter  deduction  of  the  oxide  of  lead,  it  contains  51*50  p.  c.  C,  3*79  H., 
and  44*71  0.  (Berzelius)  and  consists,  according  to  Strecker,  of 
C^H|«Pb303*  +  4HO.  The  precipitate  thrown  down  by  neutral  acetate 
or  nitrate  of  lead  from  excess  of  aqueous  tannic  acid,  contains  at 
120°,  32*86  p.  c.  C,  2*81  H.,  and  33*79  to  34*27  PbO  (Pelouze). 
Strecker  gives  the  formula  C^^HisPb^O^^  +  5  HO.,  which  requires  3333  p.  c.  C,  2-47  H., 

34-57  PbO,  and  29-630.  — The  terbasic  salt  may  be  prepared  by  adding  a 
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dilute  solution  of  neutral  acetate  of  lead  to  aqueous  tannic  acid,  either 
in  the  cold,  or  between  40''  and  50%  in  such  quantity,  that  part  of  the 
tannic  acid  may  remain  in  solution.  After  drying  "in  vacuo,  it  given 
off  2-8  p.  c.  water  at  120°  (3  at.  =  2-83  p.  c.)  (Strecker.) 

at  120°.  Strecker. 


54 

C 

324     ... 

34-95     ... 

....     33-7 

19 

H      

19     ... 

....       2-06     ... 

....       1-9 

31 

O      

....  248     ... 

....     26-75  •  ... 

....     28-2 

3 

PbO    

336     ... 

36-24     ... 

....     36-2 

C54H19pb3034     ... 

....  927     ... 

....  100-00     ... 

....  100-0 

From  ferrous  salts  aqueous  tannic  acid  throws  down  —  but  only 
from  very  concentrated  solutions — a  white  gelatinous  precipitate  which 
dissolves  on  addition  of  water.  (Berzelius.) 

_  Ferric  Tannate.  Ferric  salts  yield,  with  very  dilute  aqueous  tannic 
acid,  a  dark-blue  transparent  liquid,  which  after  a  while  becomes 
dark  green,  and  deposits  green  flocks;  at  still  greater  degrees  of 
dilution,  the  mixture  immediately  assumes  a  dark  green  colour,  with- 
out yielding  any  precipitate.  (Berzelius.)  —  The  blue-black  colouring 
passes  quickly  into  brownish-green,  then  into  ohve-green,  and  finally 
into  greenish-brown,  the  liquid  becoming  clear  in  a  shorter  time  in 
proportion  as  the  iron-salt  is  in  greater  excess  ;  with  ferric-acetate, 
however,  the  iron-black  colour  is  permanent.  (Pfaff.)  The  blue-black 
colouring  of  ferric  salts  is  changed  by  the  stronger  acids,  especially 
by  tartaric  acid,  to  green ;  by  alkalis,  to  red  (Geiger) ;  if,  however,  the 
liquid  altered  by  acids  be  set  aside  for  24  hours,  then  decanted  from  the 
precipitate,  and  the  latter  treated  with  pure  water,  the  liquid  again 
becomes  black ;  hence  it  appears  that  the  green  colouring  arises  from 
the  mixture  of  the  yellow  ferric  tartrate  with  the  ferric  tannate. 
(Berzelius,  Mag.  Pharm.  31,  362.)  —  Ferric  salts  are  partially  reduced 
as  soon  as  they  are  mixed  with  tannic  acid,  and  at  the  boiling  heat 
the  reduction  is  complete.  (Wackenroder.) 

When  aqueous  tannic  acid  is  precipitated  by  pouring  ferric  sulphate 
into  it,  the  precipitate,  after  washing  and  drying  at  122°,  contains 
12-02  p.  C.  ferric  oxide.  (Pelouze.)  Strecker  gives  the  formula  CS^Hi^O^i^Fe^OS 
(calc.  11-92  Fe^O^).  Wittstein  found  the  quantity  of  ferric  oxide  in  the 
precipitate  very  variable ;  the  only  way  in  which  he  could  obtain  a 
constant  compound  was  by  precipitating  ferrous  sulphate  with  aqueous 
tannic  acid  and  exposing  the  precipitate  to  the  air. 

a.  When  a  solution  of  2  at.  ferrous  sulphate  is  mixed  with  1  at. 
aqueous  tannic  acid,  and  the  mixture  is  exposed  to  the  air  for  six 
weeks  or  longer,  and  frequently  stirred,  the  dark  indigo-blue  pre- 
cipitate w^ashed,  and  dried  at  100°,  contains  8'4  p.  c.  Fe"0^,  a  small 
portion  of  the  iron  being,  however,  in  the  state  of  protoxide.  The 
filtered  liquid  again  exposed  to  the  air  yields  a  further  precipitate, 
containing  an  equal  proportion  of  ferric  oxide.  The  filtrate  does  not 
contain  gallic  acid.    (Wittstein.) 

h.  When  ferric  sulphate  is  added  to  aqueous  tannic  acid,  in  such 
quantity,  that  the  filtrate  is  still  clouded  by  an  iron-salt,  the  resulting 
dark-blue  precipitate  contains  very  little  ferrous  oxide,  and  yields  on 
ignition  14*90  p.  c.  Fe'O^   When,  on  the  other  hand,  tannic  acid  is  added 
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to  ferric  sulphate,  as  long  as  a  precipitate  is  formed,  the  precipitate  yields 
15*4  p.  c.  Fe^'O^  The  black-green  filtrate  contains  ferrous  oxide,  the 
quantity  of  which  increases  on  boiling,  but  it  is  only  when  more 
tannic  acid  is  added  that  the  whole  of  the  sesquioxide  of  iron  is 
reduced  to  protoxide.  (Wittstein.) 

c.  When  1  at.  ferric  acetate  is  added  to  1  at.  aqueous  tannic  acid 
(C^),  the  resulting  black-blue  precipitate,  af  ler  being  washed  with  cold 
water  and  di'ied  at  100°,-  contains  18*75  p.  c.  ferric  oxide,  together  with 
a  small  quantity  of  free  tannic  acid,  and  after  this  has  been  dissolved 
out  by  ether,  100  pts.  of  the  precipitate  yield  20*15  p.  c.  ferric  oxide. 
The  precipitate  likewise  contains  a  small  quantity  of  ferrous  oxide.  — 
The  filtrate  from  c  leaves,  on  evaporation,  a  dark-blue,  resinous,  very 
astringent  residue,  which  dissolves  completely  with  dark-blue  colour 
in  water  and  alcohol.  —  This  residue  treated  with  ether,  yields  tannic 
acid,  whereby  it  loses  almost  entirely  its  solubility  in  water  and  in 
alcohol,  becomes  nearly  black,  and  when  dried  at  100°,  contains 
13*4  p.  c.  ferric  oxide.  (Wittstein.) 

d.  When  aqueous  tannic  acid  is  dropped  into  a  very  dilute  solution 
of  ferric  acetate  as  long  as  it  produces  any  precipitate,  the  Hquid  loses 
its  yellow-red  colour,  and  becomes  colourless,  the  precipitate  is  rather 
brown  than  blue,  black  after  drying,  and  yields,  when  dried  at  100°, 
quantities  of  ferric  oxide,  varying  from  42*85  to  56*25  p.  c,  part  of 
it  being,  however,  present  as  ferrous  oxide.  A  colourless  filtrate  is 
likewise  obtained,  when,  on  the  other  hand,  ferric  acetate  is  added 
to  tannic  acid,  as  long  as  any  precipitate  is  formed.  The  precipitate 
yields  25  p.  c.  Fe^O^  y\  of  which  is  present  as  protoxide.  (Wittstein.) 

On  ferric  tannate,  see  further  Winckler  {Repert.  95,  77);  CoWomh  [Rev.  scient. 
16,  477);  Wackenroder  {N.  Br.  Arch.  27,  269);  Geiseler  {N.  Br.  Arch.  89,  165). 

Cohalt'Salts  are  precipitated  yellowish  white  by  infusion  of  galls ; 
nickel-salts  greenish-wliite. 

Cupric  Tannate.  —  Cupric  hydrate  abstracts  tannic  acid  from  its 
aqueous  solution.  (Berzelius.)  —  The  salt  is  obtained  by  double  decom- 
position in  grey-brown  flocks,  which  are  reddish- white  or  brownish- 
grey,  according  as  the  tannic  acid  or  the  copper-salt  is  in  excess.  It 
is  dissolved  by  potash,  with  separation  of  cuprous  oxide ;  completely 
by  ammonia,  only  when  the  tannic  acid  is  in  excess ;  the  latter  solution 
is  not  altered  by  hydrosulphuric  acid.  (Wackenroder.) 

Mercurous  Tannate.  Mercurous  oxide  abstracts  tannic  acid  from  its 
aqueous  solution;  mercurous  salts  are  precipitated  by  tannic  acid 
(Berzelius).  From  mercurous  nitrate,  tannate  of  potash  precipitates 
a  powder  which  is  nearly  white  at  first  (yellow,  soon  turning  green,  accord- 
ing to  Wackenroder),  which  darkens  on  standing,  appears  yellow-green 
when  dry,  and  contains  44*96  p.  c.  Hg^O.  It  is  not  soluble  either  in 
hot  or  in  cold  water,  even  after  addition  of  tannic  acid.  Aqueous 
ammonia  converts  it  into  black  ammonio-mercurous  tannate  containing 
76*78  p.  c.  Hg^O.     (Harff.) 

Mercuric  Tannate.  —  Tannic  acid  is  precipitated  from  its  aqueous 
solution  by  mercuric  oxide.  It  precipitates  mercuric  salts,  excepting 
the  chloride  (Berzelius).  From  mercuric  nitrate  it  throws  down  a 
thick,  brick-red  precipitate,  which  is  insoluble  in  excess  of  the  pre- 
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cipitant,  and  on  standing  acquires  a  dirty  yellow  colour,  and  is  found 
to  contain  mercurous  oxide  (\¥ackenroder).  The  precipitate  thrown 
down  from  mercurous  nitrate  by  tannate  of  potash  is  light  yellow  at  ^ 
first,  but  becomes  darker  after  a  while,  yellow-brown  on  drying,  and 
contains  32-13  p.  c.  HgO.  Caustic  ammonia  poured  upon  it  converts 
it  into  dark  brown,  nearly  tasteless  ammonio-mercuric  tannate,  con- 
taining 64-64  p.  c.  HgO.     (Harff,  JST.  Br.  Arch.  5,  294.) 

Oxide  and  nitrate  of  silver  form  black-brown  precipitates  with 
aqueous  tannic  acid  (Berzelius,  Fr.  Miiller). — From  bichloride  of 
platinum,  infusion  of  galls  throws  down  pale  yellow  flocks  (Pfaff). 

Tannic  acid  dissolves  in  hydrated,  more  abundantly  than  in  absolute 
alcohol  (Pelouze).  —  Accorduig  to  Pelouze,  BoUey  and  Luboldt,  it  dis- 
solves but  sparingly  in  anhydrous  ether,  and,  according  to  Strecker  and 
others,  remains  perfectly  pulverulent  when  covered  with  it,  while, 
according  to  Mohr,  it  dissolves  in  considerable  quantity.  With  ether 
containing  water,  it  forms,  after  some  seconds,  a  very  heavy  Hquid,  like 
that  which  separates  in  the  preparation  of  tannic  acid,  as  described  at 
page  453  of  this  volume.  Of  the  two  layers  thus  formed,  the  lower 
consists  of  tannic  acid,  which  has  taken  up  the  water  of  the  ether,  and 
only  a  very  small  quantity  of  ether,  while  the  upper  layer  contains 
ether,  a  small  quantity  of  tannic  acid,  and  the  foreign  substances  taken 
up  with  it  (Pelouze).  When  tannic  acid  dried  at  110°,  is  covered  with 
anhydrous  ether,  the  solution  standing  above  the  excess  of  pulverised 
tannic  acid,  after  being  agitated  for  a  considerable  time,  contains  in 
solution  only  0-206  p.  c.  at  5°,  and  0-384  p.  c.  at  ordinary  tempera- 
tures. On  adding  to  the  ether  half  a  volume  per  cent,  of  water,  the 
tannic  acid,  which  has  hitherto  been  greyish-yellow  and  pulverulent, 
deliquesces  to  brownish  lumps,  and  on  addition  of  a  few  drops  more 
water,  to  a  syrup.  After  addition  of  1  volume  per  cent,  of  water,  the 
supernatant  ether  contains  1'2  p.  c.  tannic  acid  in  solution.  On  con- 
tinuously dropping  water  into  the  mixture  and  agitating,  three  layers 
are  formed,  the  lowest  of  which  is  syrupy,  and  contains  0*297  grm. 
tannic  acid  in  a  cubic  centimetre.  The  middle  layer  is  somewhat 
lighter  than  the  lowest,  and  contains  in  a  cubic  centimetre  0*082  grm. 
tannic  acid  dissolved  in  a  large  quantity  of  water  and  a  small  quantity 
of  ether.  The  syrupy  layer  contains  both  ether  and  water,  and  is 
perhaps  a  tannate  of  ether  and  water,  analogous  to  sulphovinic  acid 
(Bolley,  Chem.  Soc.  Q.  J.  13,  295  ;  Ann.  Pharm.  115.  63). 

Tannic  acid  (crude)  dried  at  150°  remains  pulverulent  when  covered 
with  10  pts.  of  anhydrous  ether,  while  the  supernatant  ether  takes  up 
2  or  3  p.  c.  of  solid  constituents,  chiefly  the  foreign  substances  mixed 
with  the  tannic  acid.  Water,  either  present  in  the  tannic  acid  or  the 
ether,  or  subsequently  added,  is  greedily  absorbed  by  the  tannic  acid,  and 
causes  it  to  deliquesce  to  a  viscid  mass  or  a  syrup,  which  does  not 
mix  with  the  excess  of  ether.  When  a  solution  of  100  pts.  tannic 
acid  in  100  pts.  water  is  mixed  with  150  pts.  ether,  the  hquid,  if 
agitated  and  left  at  rest  at  a  temperature  of  18°,  separates  into  three 
layers,  the  lowest  of  which  has  a  sp.  gr.  of  1*07,  takes  up  half  the  total 
space,  and  contains  40*5  p.  c.  tannic  acid,  42-2  ether,  and  17*3  water. 
The  middle  layer,  which  has  a  density  of  1*02,  contains  14*15  p.  c.  tan- 
nic acid,  10*09  ether,  and  75*76  water;  the  uppermost,  of  density 
0-752,  is  chiefly  ether,  containing  in  solution  small  quantities  of  foreign 
matters  and  water.    Also,  when  20  grms.  tannic  acid,  39  grms.  ether 
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and  20  gTms.  water  are  shaken  up  togetlier  and  then  left  at  rest,  three 
layers  are  formed,  the  lowest  of  which  mcreases  by  continual  agitation 
at  14*5°,  at  the  expense  of  the  upper,  till  it  occupies  36'5  and  the 
upper  17'5  pts.  of  the  entire  space,  the  middle  layer,  which  remains 
unaltered,  occupying  20  pt«.  The  bottom  layer,  when  removed  with 
the  pipette,  is  found  to  be  soluble  in  4*5  to  5*5  pts.  of  water,  more 
abundantly  in  lukewarm  than  in  cold  water.  But  if  water  be  added  to 
the  mixture  as  it  stands,  divided  into  three  layers,  a  quantity  equal  to 
11  times  the  volume  of  the  bottom  Vdjer  will  be  required  to  dissolve 
it  (tlie  top  layer  at  the  same  time  diminishing  to  f )  because  the  water 
dissolves  the  bottom  layer  only  so  far  as  it  can  take  up  ether.  Water 
saturated  with  ether  dissolves  only  i  of  the  bottom  layer.  The  bottom 
layer  is  therefore  hydrated  tanjiic  acid  containing  ether  in  solution ; 
the  middle  layer  is  water  containing  ether  and  tannic  acid ;  and  the 
top  layer  is  ether  which  has  taken  up  water,  tannic  acid,  and  the  foreig-n 
constituents  (Luboldt,  J.  pr.  Chem.  77,  357).  According  to  Mohr,  on 
the  contrary  {Ann.  Fharm.  61,  352),  the  lowest  of  the  three  layers 
contains  tannic  acid  dissolved  in  Avater ;  the  middle  layer,  tannic  acid 
dissolved  in  ether.  This  statement,  and  another  made  by  Mohr,  to  the 
effect  that  tannic  acid  dehquesces  to  a  syrup  in  anhydrous  ether,  and 
that  by  addition  of  more  tannic  acid,  the  ether  may  be  completely  con- 
verted into  this  syrup,  are  not  reconcilable  with  the  experiments 
above  described.  (See  also  Guibourt  &  Robiquet  loc.  cit. ;  Sandrock,  N.  Br.  Arch, 
72,  265.) 

The  viscid  syrup  which  separates  at  the  bottom  of  the  mixture  of 
tannic  acid,  water,  and  ether,  unites  with  the  supernatant  ether  on 
addition  of  alcohol  to  a  thin  filterable  hquid  (Mohr). 

Tannic  acid  dissolves  in  acetone,  with  evolution  of  heat,  the  solution 
drying  up  to  a  jelly  and  leaving  a  powder  which  has  the  aspect  of 
tannic  acid  (Knop). 

Tannic  Acid  tvith  Acetone  and  Ammonia.  —  Tannic  acid  is  dissolved  in 
4  or  5  pts.  acetone,  the  solution  is  heated  to  the  boihng  point,  and 
aqueous  ammonia  is  added,  with  agitation,  till  the  liquid  smehs  strongly 
of  it.  Two  layers  are  then  formed,  the  lower  of  which  is  to  be 
repeatedly  stirred  up  with  absolute  alcohol  (whereupon  it  becomes 
pasty,  and  ultimately  sohd  and  friable),  collected  on  a  filter,  pressed, 
and  placed  over  oil  of  vitriol,  before  it  can  take  up  water  from  the  air. 
The  mass,  which  becomes  brittle  in  24  hours,  is  triturated  and  dried  for 
a  month  over  chloride  of  calcium.  White  or  brownish  powder  haviiio- 
the  taste  and  the  other  characters  of  tannic  acid.  Soluble  in  water, 
not  in  absolute  alcohol.  Contains  from  49*2  to  50*15  p.  c.  carbon, 
4*7  to  5*5  hydrogen,  and  2'8  to  3*5  nitrogen,  whence  Knop  calculates 
the  formula  C^2H25;^026  =  2C^«H«Oi2  ^  c^H^O^  4  NH^  (Knop,  Chem. 
Centr.  1860,  278 ;  abstr.  Rep.  Chim.  pure,  2,  372).  Till  the  presence  of 
acetone  in  this  compound  has  been  actually  demonstrated,  we  may  be  allowed  to  regard 
it  as  tannate  of  ammonia  (p.  463).     Kr. 

Tannic  acid  does  not  unite  with  urea.  (Hlasiwetz  Wien.  Akad. 
Ber.  20,  208).  —  It  does  not  dissolve  in  picamar  (p.  162)  even  at  the 
boihng  heat  (Reichenbach,  Schw.  68 ,  355).  —  It  dissolves  in  6  pts. 
glycerin  (Cap  &  Garot,  N.  J.  Pharm.  26,  81  ;  Pharm.  Viertelj.  4,  271); 
in  hitter-almond  oil  in  almost  all  proportions,  the  solution,  which  turns 
brown  in  contact  with  the  air,  slowly  depositing  crystals  of  benzoic 
acid  (Knop).    It  dissolves  in  other  oils,  both  fixed  and  volatile. 
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Tannic  acid  precipitates  the  alkaloids  from  their  saUne  solutions 
(see  vn,  185).  It  precipitates  starch-solution  and  albumin. —Yvom 
sokition  of  gelatin,  it  throws  down  a  white  precipitate,  which  dissolves 
in  excess  of  the  gelatin,  especially  when  heated ;  if  obtained  with 
excess  of  tannic  acid,  it  presents  the  aspect  of  a  grey,  highly  elastic, 
not  perfectly  soluble  skin.  Addition  of  a  large  quantity  of  common 
salt  makes  the  tannate  of  gelatin  quite  (Wackenroder)  or  nearly 
insoluble  (Fr.  Miiller).  Tannic  acid  unites  with  animal  shin  [but  not 
in  atomic  proportion  (Knop,  Dingl.  149,  305  and  378)],  forming  tanned 
leather. 


Appendix  to  Gallo-tannic  Acid. 
A. — Morintannic  Acid  and  Morin. 

Morintannic  Acid. 


CI8JJ8010  ^ 

'Wagner  (1850).  J.  pr.  Chem.  51,  82  ;  abstr.  Pharm.  Centr.  1851, 
33;  Ann.  Pharm.  76,  349.  —  J",  jw.  Chem.  52,  449;  abstr.  Ann. 
Pharm.  80,  315  ;  Pharm.  Centr.  1851,  385  and  406;  N.  J.  Pharm. 
22,  QQ',   Compt.  chim.  1851,  104. 


L^...„„.,,... .^ 

^5  DelfFs  (.V.  /.  Pharm.  14,  166;  Kojyp's  Jahresber.  1860,  278),  morintannic  acid  is 
a  mixture  of  a  yellow  uncrystallisable  tannin  with  morin,  and  may  be  converted  into 
colourless  morin  by  reci-ystallisaliou  from  water. 

Occurrence.  In  the  yellow  wood  of  Mactura  tinctoria  {Handb.  viii, 
Zoochem.  76.)  The  deposit  in  the  middle  of  the  blocks  consists  chiefly 
of  this  acid. 

Formation,  Rufimoric  acid  is  converted  into  morintannic  acid  by 
boiling  with  aqueous  alkahs. 

Preparation.  The  block  is  split  lengthwise,  and  the  dirty  yellow, 
here  and  there  flesh-coloured  lumps,  having  a  red-brown  crystalhne 
fracture,  which  are  deposited  in  the  middle  of  it,  are  separated  with  a 
chisel.  They  are  purified  by  repeated  crystallisation  from  boihng 
water,  and  then  dissolved  in  a  larger  quantity  of  boiling  water  acidu- 
lated with  hydrochloric  acid.  The  solution,  which  becomes  turbid  on 
coohiig',  in  consequence  of  the  separation  of  a  reddish  resin,  is  repeat- 
edly filtered  till  it  remains  clear,  then  left  to  itself,  the  acid  slowly 
separating  in  the  form  of  a  light  yellow  crystalline  powder. 

Properties.  Light  yellow  powder  consisting  of  microscopic,  pale 
yellow,  transparent  needles.  Has  a  sweetish  astringent  taste,  like  the 
inner  bark  of  the  walnut.     Reddens  Htmus. 

Wagner. 
*  at  100°.  mean. 

]8  C 108     55-10     55-17 

8  H 8     4-08     ........       4-41 

10  0 80 40-82     40-42 

CisHSQi"  ....  196  100-00  100-00 
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Isomeric  with  morin.  —  Gerhardt  (Traiie,  3,  889)  regards  the  formulae  C^SHiSQis 
and  C^8U26Q30  ^s  likewise  possible.  Hlasiwetz  (Ann.  Pharm.  107,  247)  suggests  the 
formula  C^'*H'^0^,  regarding  morintannic  acid  as  probably  homologous  with  lecanoric 
acid  (xii,  577)  and  evernic  acid.  Hlasiwetz's  formula  would  explain  the  resolution  of 
morintannic  acid  into  carbonic  acid  and  pyrocatechin,  C^''H''OS  =  2C0^  + C12jj6Q4^  — 
Respecting  the  formula  of  morintannic  acid,  see  also  Laurent  (Comjo/.  rend.  35,  161) 
and  Wagner's  reply  (/.  pr.   Chem,  57,  441),  also  Strecker  {Ann.  Pharm.  90,  372). 

Decompositions.  1.  The  acid  dried  at  100°,  melts  in  the  metal-bath 
at  200°,  gives  off  at  250°,  a  strongly  acid  water,  and  is  converted 
into  a  brown-black  liquid,  which  decomposes  completely  between 
270°  and  300°,  evolving  a  large  quantity  of  carbonic  acid,  and  yielding 
a  brown  distillate,  consisting  of  carbolic  acid  and  pyrocatechin 
(xi,  379)  the  latter  solidifying  in  the  crystalline  form  on  cooling. 
Wagner  at  first  doubted  the  identity  of  the  crystals  with  pyrocatechin,  but  Eissfeldt 
{Ann.  Pharm.  92,  106)  confirmed  it.  —  Morintannic  acid  distilled  with  excess  of  lime 
yields  a  hquid  soluble  in  water,  and  containing  pyrocatechin.  —  2.  When   aqueOUS 

morintannic  acid  is  left  for  three  months  in  a  closed  vessel  exposed  to 
the  sun,  the  smell  and  taste  of  carbohc  acid  are  developed,  and  the  liquid 
yields  that  acid  when  distilled.  —  3.  Morintannic  acid  triturated  with 
oil  of  vitriol  forms  a  brown-yellow  solution,  which  after  standing  for 
some  time,  deposits  brick-red  rufitannic  acid,  and  when  heated,  gives 
off  sulphurous  acid  with  a  strong  odour  of  carbolic  acid.  No  sugar  is 
formed  in  tliis  reaction,  or  only  a  trace  after  very  long  boiling  with 
dilute  sulphuric  acid.  (Wagner,  J.  pr.  Chem.  57,  442,  and  61,  504.)  — 
4.  Chlorine  passed  into  aqueous  morintannic  acid  forms  a  brown  resin. 
—  5.  Morintannic  acid,  boiled  for  some  time  with  strong  hydrochloric 
acid,  emits  the  odour  of  carbohc  acid,  and  decomposes  completely,  with 
separation  of  mould.  On  boiling  it  with  dilute  hydrochloric  acid,  a  red 
solution  is  formed,  which,  after  a  few  days,  deposits  rufimoric  acid.  — 
6.  With  boihng  dilute  nitric  acid,  it  forms  a  brown  resin  soluble  in  hot 
alcohol,  together  with  oxalic  acid.  The  red-brown  solution  in  strong 
nitric  acid  yields,  on  evaporation,  pale  yellow  plates  of  styphnic  acid 
(xi,  228).  —  7.  The  dark  yellow  solution  of  morintannic  acid  in  caustic  or 
carbonated  alkalis  soon  turns  brown,  and  afterwards  brown-black  when 
exposed  to  the  air.  —  8.  The  acid  detonates  violently  when  triturated 
with  chlorate  of  potash.  —  9.  ^\iQn  iYiiuvoXQ^  with,  peroxide  of  manga- 
nese and  sulphuric  acid,  it  rapidly  gives  off  carbonic  acid,  and  is  com- 
pletely decomposed,  with  production  of  formic  acid. — 10.  When 
aqueous  morintannic  acid  is  boiled  with  peroxide  of  lead,  the  latter 
assumes  a  reddish  yellow  colour,  the  liquid  becomes  decolorised,  and 
retains  only  a  trace  of  lead  in  solution,  and  the  resulting  insoluble  lead- 
salt,  decomposed  by  hydrosulphuric  acid,  yields  a  humous  acid.  The  acid 
triturated  with  dry  peroxide  of  lead,  takes  fire,  emits  sparks,  and  gives 
off  a  pungent  odour.  — 11.  It  is  completely  destroyed  by  chromic  acid, 
giving  off  the  odour  of  carbohc  acid,  and  forms  a  red-brown  precipi- 
tate when  heated  with  aqueous  bichromate  of  potash.  —  12.  Heated 
with  aqueous  cupric  acetate,  it  deposits  cuprous  oxide;  it  reduces 
mercuric  chloride  to  mercurous  oxide,  after  heating  with  potash ; 
carbonate  of  silver  even  in  the  cold  ;  nitrate  of  silver,  after  boiling  with 
ammonia ;  terchloride  of  gold  in  the  cold.  — 13.  Boiled  with  ferrocyanide 
of  potassium,  it  eliminates  prussic  acid,  and  deposits  yellow-brown 
flocks.  When  boiled  for  some  time  with  ferricyanide  of  potassium, 
it  gives  off  a  large  quantity  of  prussic  acid,  and  separates  prussian 
blue. 
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Comhinations.  Morintannic  acid  dissolves  in  6*4  pts.  water  at  20°,  and 
in  2-14  pts.  boiling-  water,  forming-  a  yellow  solution. — The  aqueous  acid 
is  not  altered  by  jpliosphovic^  sulphuric,  hydrochloric,  or  arsenic  acid,  being 
thereby  distinguished  from  gallotannic  acid.  The  solution  of  the  acid 
in  boiling  water,  mixed  with  horacic  acid,  yields,  on  cooling,  a  jelly  made 
lip  of  extremely  fine  laminae. 

Morintannic  expels  carbonic  acid  from  alkaline  and  earthy  carbonates 
at  the  boiling  heat,  but  not  in  the  cold ;  also  prussic  acid  from  cyanide 
of  potassium.  It  dissolves  with  deep  yellow  colour  in  caustic  alkalis 
and  alkaline  carbonates. 

Morintannate  of  Lime.  —  Aqueous  morintannic  acid  is  boiled  with 
carbonate  of  lime,  as  long  as  carbonic  acid  continues  to  escape  ;  the 
hquid  is  filtered  at  the  boihng  heat ;  the  yellow-brown  flocks  which 
separate  after  some  hours,  are  collected  on  a  filter  and  dissolved  in 
alcohol ;  and  the  filtered  solution  is  precipitated  by  pouring  it  into  ten 
times  its  volume  of  water.  The  yellow  microscopic  crystals  which 
then  fall  to  the  bottom,  contain,  after  pressing  and  drying  at  100°, 
7*7  p.  c.  lime,  and  after  one  recrystalBsation,  7*18  p.  c.  (CaO,2C^^H^O^ 
+  HO  =  7'12  p.  c.  CaO.)  —  This  salt  exactly  resembles  the  lime-com- 
pound of  morin  (p.  479)  in  appearance,  and  hi  its  behaviour  when 
heated  and  towards  solvents,  but  it  is  precipitated  blackish  green  by 
aqueous  ferric  chloride,  whereas  the  hme-compound  of  morin  is  reddened 
thereby. 

Morintannic  acid  precipitates  tartar-emetic  yellow-brown  ;  protochlo- 
ride  of  tin  reddish  yellow. 

Morintannate  of  Lead.  —  a.  Bihasic  f  —  When  a  boiling  aqueous  solu- 
tion of  morintannic  acid  is  precipitated  by  basic  acetate  of  lead,  the 
chrome-yellow,  non-crystalline  precipitate  contains,  after  washing  and 
drying,  from  56*9  to  57*5  p.  c.  lead-oxide  (2PbO,C^«H80'  =  55-5  p.  c. 
PbO.) 

b.  4  at.  Base  to  3  at.  Acid?  —  1.  The  aqueous  acid  is  precipitated 
by  neutral  acetate  of  lead ;  the  chrome-yellow  precipitate  is  dissolved 
in  boihng  water  ;  and  the  lemon-yellow  crystalline  powder  which  pre- 
cipitates on  coohng,  is  collected.  The  filtered  mother-liquor,  when 
left  to  stand  for  some  time,  deposits  flocks  of  variable  composition, 
which  constitute  the  sole  product,  if  the  boiling  has  been  too  long 
continued.  —  2.  When  hydrate  of  lead  is  boiled  with  the  aqueous 
acid,  and  filtered  hot,  crystals  are  hkewise  obtained,  and  the  mother- 
liquor  turns  brown  from  partial  decomposition.  The  salt  is  likewise 
coloured  dark-brown  by  dilute  nitric  acid. 


at  100^ 

Wagner. 

54  C    

324     .... 

....     32-17     ... 

32-01 

21  H   

21     .... 

....       2-08     ... 

2-17 

27  0   

....     216     .... 

....     21-45     ... 

21-55 

4  PbO   

446     .... 

....     44-30     ... 

44-27 

3Ci3H709,4PbO  ... 

....   1007     .... 

....   100-00     ... 

100-00 

Gerhardt  (7Vai7e,  3,  891)  resolves  this  formula  into  3C36Hi2Pb=Oi8  +  2(PbO,HO) 
+  4aq. 
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Aqueous  morintannic  acid  forms  a  green-black  precipitate  with 
ferrous  sulphate^  soluble  with  yellow-brown  colour  in  acetic  acid.  From 
excess  oi  ferric  hydrochlorate  it  throws  down  a  black-green  precipitate, 
which,  after  washing  and  drying  at  100°,  contains  13*2  p.  c.  ferric 
oxide  (Fe203,3Ci8H507  =  13*8  p.  c.  FeSQS),  It  forms  a  yellow-brown  precipi- 
tate, with  protochloride  of  tm,  and  throws  down  yellow  flocks  after  a 
while  from  the  bichloride. 

It  dissolves  easily  in  wood-spirit,  alcohol,  and  ether.  The  concen- 
trated ethereal  solution  is  greenish  by  reflected,  yellow-brown  by  trans- 
mitted hght.  —  It  is  insoluble  in  rock-oil,  oil  of  turpentine  2iW^  fixed  oils. 
—  It  is  completely  precipitated  by  solution  of  gelatin  (Wagner). 


Eufimoric  Acid. 

Wagner.    J.  jyr.  Chem.  52,  462.  \ 

Formation.  When  morintannic  acid  is  dissolved  in  oil  of  vitriol  or 
boiled  with  hydrochloric  acid.  The  reaction  is  not  attended  with  the 
evolution  of  any  gas  except  traces  of  sulphurous  acid. 

Proportion.  1.  Pulverised  morintannic  acid  is  triturated  with  oil  of 
vitriol ;  the  brick-red  mass  which  separates  after  standing  for  some 
time  is  coflccted,  washed  with  cold  water  till  the  water  scarcely  red- 
dens litmus,  then  dissolved  in  the  smallest  possible  quantity  of  boiling 
alcohol ;  the  greater  part  of  the  alcohol  is  removed  from  the  filtrate  by 
evaporation  ;  and  the  rufimoric  acid  is  precipitated  by  pouring  the 
liquid  into  50  times  its  volume  of  cold  water.  The  bulky  red  flocks  are 
washed  on  the  filter  with  cold  water,  pressed  between  paper,  and  dried 
without  warming.  When  the  quantity  of  material  is  somewhat  con- 
siderable, the  precipitate  coagulates  into  a  viscid  mass,  which  is  apt  to 
enclose  sulphuric  acid ;  hence  it  is  better  to  operate  with  small  quan- 
tities.—  2.  The  red  solution  obtained  by  digesting  morintannic  acid 
with  oil  of  vitriol  is  diluted  with  water,  exactly  neutrahsed  with  car- 
bonate of  soda,  and  acidulated  with  a  few  drops  of  acetic  acid ;  the 
boiling  solution  is  precipitated  with  acetate  of  copper ;  and  the  red- 
brown  precipitate  is  decomposed  under  water  with  hydrosulphuric  acid. 
The  greater  part  of  the  rufimoric  acid  then  remains,  mixed  with  the 
sulphide  of  copper,  and  may  be  extracted  by  boiling  alcohol  and 
obtained  m  the  sohd  state  by  evaporating  the  alcoholic  solution. 

Properties.  Dark  red  mass,  yielding  a  powder  of  a  fine  red  colour. 
The  solution  has  an  acid  reaction. 

Wagner. 
at  100°.  mean. 

14  C 84     54-19     54-29 

7  H 7     4-52     4-54 

8  0 64     41-29     41-17 

C14H708 155  100-00  100-00 

Perhaps  indentical  with  carminic  acid.     (Wagner.) 
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Decompositions.  1.  Rufimoric  acid  is  not  altered  at  130"^,  but  when 
more  strongly  heated,  it  gives  off  vapours  which  partly  condense  to 
colourless  crystals  of  pyrocatechin  (xi,  379).  —  2.  Chlorine-water  con- 
verts it  into  brown  flocks. — 3.  With  hot  nitric  acid,  it  forms  a  yellow 
solution  containing  oxalic  acid,  and  an  acid  different  from  picric  acid.  — 
4.  The  dark  red  solution  in  potash-ley  or  haryta-water  becomes  dark 
yellow  when  boiled,  the  rufimoric  acid  being  then  converted  into 
morintannic  acid  and  the  products  of  its  decomposition  by  alkalis. 

Combinations.  Rufimoric  acid  is  but  slightly  soluble  in  pure  water, 
but  in  presence  of  the  smallest  quantity  of  ammonia  it  dissolves  in  all 
proportions.  —  With  oil  of  vitriol  it  forms  a  red  solution,  only  partially 
precipitable  by  water.  —  It  dissolves  in  hydrochloric  acid. 

Rufimoric  acid  dissolves  in  alkalis  and  alkaline  carbonates,  forming 
a  wine-red  solution,  which  exhibits  a  tinge  of  yellow  if  morintannic 
acid  is  also  present.  The  carmine-coloured  solutions  are  but  very 
slowly  decolorised  in  contact  with  the  air.  Alcoholic  potash,  added  to 
alcoholic  rufimoric  acid,  throws  down  a  dark  red,  viscid  precipitate.  — 
With  chloride  of  barium,  alum,  or  protochloride  of  tin  (after  addition  of 
ammonia),  it  forms  dark-red  lakes. 

Ruflmorate  of  Lead.  —  The  acid  forms  a  dark  red  precipitate  with 
neutral  acetate  of  lead,  cherry-red  with  nitrate  of  lead.  The  salt 
is  prepared  by  precipitating  the  alcoholic  solution  of  the  acid  with 
alcoholic  acetate  of  lead,  washing  the  precipitate  with  alcohol,  and 
drying  it  at  100°.  Dark  scarlet  powder,  insoluble  in  water  and  alcohol, 
but  soluble  with  yellow-red  colour  in  acetic  acid,  with  carmine -colour 
in  potash-ley.  Contains  from  59-1  to  59*4  p.  c.  PbO.,  and  is  therefore 
perhaps  2PbO,C^*H''08  (calc.  59-1  p.  c.  PbO). 

Rufimoric  acid  colours  ferric  hydrochlorate  green,  without  forming  a 
precipitate. 

Ruflmorate  of  Copper.  —  The  acid  throws  down  from  cupric  acetate, 
brown-red  flocks,  which,  after  washing  and  drying  at  100°,  contain,  on 
the  average,  27*7  p.  c.  cupric  oxide,  and  are  therefore  3CuO,2C^*II'0® 
(calc.  27*75  p.  c.  CuO). 

Rufimoric  acid  forms  a  brown-red  precipitate  with  mercurous 
nitrate^  reddish  with  mercuric  oxide.  It  does  not  precipitate  nitrate  of 
silver. 

It  dissolves  readily  in  alcohol,  sparingly  in  ether. 


Morin. 

C^^IPO^^ 

Chevreul.  (1830).   J.  Chim.  med.  6,  158. — Chimie  appliquee  a  la  teinture, 

2,  150. 
K.Wagner.     J.  pr.  Cheni.  51,  82  ;  abstr.  Pharm.  Centr.  1851,  33  ;  Ann. 

Phann.  76,  347;   Chem.  Gaz.  l^bl,   21;    N.  J.  Pharm.  19,   149.— 

J.  pr.  Chem.  52,  449 ;    abstr.  Ann.  Pharm.  80,   315  ;  Pharm.  Centr. 

1851,  385  and  406 ;  iY.  J.  Pharm.  22,  6Q  ;  Compt.  chim.  1851,  104. 


478  APPENDIX  TO  GALLO-TANiNIC  ACID. 

The  yellow  die  from  the  yellow  wood  of  Madura  tinctoria  (Handb.  viii, 
Phytochem.  76).  —  Preisser's  statements  (p.  28;  Comp.  Rev.  sclent.  16,  57;  /.  pr, 
Chem.  32,  155). 

Preparation.  The  decoction  of  the  yellow  wood  is  evaporated  to  a 
weight  equal  to  that  of  the  wood  employed,  and,  after  a  day  or  two 
the  yellow  sediment  is  collected  on  a  filter ;  the  filtrate  concentrated 
and  set  aside,  yields  an  additional  quantity  of  this  deposit,  while 
morintannic  acid  remains  in  solution.  On  pressing  the  yellow  sediment, 
dissolving  it  in  boiling  alcohol,  and  pouring  the  solution  into  ten  times 
its  volume  of  cold  water,  yellow-brown  flocks  of  the  hme-compound 
of  morin  are  deposited ;  they  may  be  purified  by  washing  them  w^ith 
cold  water,  dissolving  them  three  or  four  times  in  alcohol,  and  pre- 
cipitating with  water;  100  pts.  of  the  lime-compound  of  morin  thus 
obtained,  are  boiled  with  12  pts.  of  oxalic  acid  crystals,  and  15*60  pts. 
alcohol  of  75  p.  c. ;  the  liquid  is  filtered  at  the  boiling  heat  into  100 
times  its  volume  of  water,  and  the  morin,  which  separates  in  the  form 
of  a  yellowish  white  crystalline  powder,  is  redissolved  in  alcohol, 
reprecipitated  by  water,  and  dried  at  100°,  avoiding  contact  with  the 
air.  (Wagner.) 

Properties.  White  crystalline  powder,  which  acquires  a  faint  yellow 
colour  in  contact  with  air  (containing  ammonia).  Exhibits  a  shght 
acid  reaction  in  solution.  Has  a  shghtly  bitter  not  astringent  taste. 
(Wagner.) 

Wagner. 


mean. 

18  C 

8  H 

10  O 

..  108     ... 
..       8     ... 
..     80     ... 

....     55-10     ... 
....       4-08     ... 
.. .     40-82     ... 

....     55-17 
....       4-15 

....     40-68 

C18H801"      . 

...  196     ... 

....  100-00     ... 

....  100-00 

Isomeric  with  morintannic  acid  (p.  473).  Dellfs  {Brit.  Assoc.  Rep.  1861,  pt.  2,  78) 
gives  the  formula  Ci^H^O^  +  2H0. 

Decompositions.  1.  Morin  gives  off  water  when  heated  to  180°  ;  it 
does  not  undergo  any  further  alteration  at  250°,  but  blackens  at  about 
300°,  giving  off  carbonic  acid,  and  yielding  a  distillate  of  carbolic  acid 
and  pyrocatechin  (xi,  379),  the  latter  of  which  solidifies  in  the  crys- 
talline form  on  cooling.  —  2.  It  dissolves  in  oil  of  vitriol,  with  dark 
yellow-brown  colour,  and  the  odour  of  castoreum ;  the  solution  deposits 
a  red  body  when  warmed  or  left  at  rest,  and  decomposes  when 
heated,  giving  off  sulphurous  and  carbolic  acids.  —  3.  With  strong  nitr'u- 
acid  it  forms  a  red  solution,  which,  when  evaporated,  gives  off  rod 
vapours,  and  deposits  large  yellowish-white  tables  of  styphnic  acid. 
—  4.  The  aqueous  solution  of  morin  does  not  absorb  oxygen  from  the 
air ;  but  if  mixed  with  ammonia,  it  turns  brown,  and  blackens  in  con- 
tact with  the  air ;  acids  then  precipitate  from  it,  not  morin,  but  a 
humous  substance,  perhaps  metagalhc  acid  (p.  458).  —  5.  From  cnpric 
acetate  or  sulphate,  it  reduces  cuprous  oxide  on  boihng  with  potash. 
It  reduces  nitrate  of  silver,  especially  after  addition  of  ammonia. 
(Wagner.) 

Combinations.  Morin  dissolves  in  4000  parts  of  cold,  and  in  1060  pts. 
of  boiling  water.     It  dissolves  without   colour  in  aqueous  sulphuric. 
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hydrochloric,  phosphoric,  acetic,  oxalic,  or  tartaric  acid.  It  dissolves  with 
yellow  colour  in  oil  of  vitriol,  and  is  precipitated  by  water.  —  It  dis- 
solves with  fine  yellow  colour  in  aqueous  solutions  of  alkalis  and 
alkaline  carbonates.  Aqueous  morin  containing  traces  of  fixed  alkalis 
turns  yellow  in  the  air,  from  absorption  of  ammonia. 

Baryta-compound  of  Morin.  —  When  morin  is  boiled  with  recently 
precipitated  carbonate  of  baryta  and  water,  the  filtrate  leaves  on 
evaporation,  a  red-brown  powder,  which,  at  100°  contains,  on  the 
average,  22-2  p.  c.  baryta,  agreeing  approximately  with  the  formula 
C72jj3204o^3BaO.  (Wagner). 

Lime-compound.  —  The  lime-compound  of  morin,  which  is  obtained 
from  the  decoction  of  yellow  wood,  and  separates  from  alcohol  in 
sulphur-yellow  crystals,  gives  off  2  at.  water  at  100°,  and  then  con- 
tains 6-83  p.  c.  lime,  agreeing  nearly  with  the  formula  2C"H^O^CaO,HO 
(calc.  7-12  p.  c.  CaO.)    (Wagner). 

Aqueous  morin  precipitates  alum- solutions  light  yellow,  after  addition 
of  ammonia. 

Lead-compound.  Alcohohc  morin  added  to  alcoholic  acetate  of  lead, 
produces  a  light  yellow  precipitate,  which  becomes  black-brown  when 
dry,  and  contains  44*1,  45*6  to  47  2  p.  c.  lead-oxide.  (Wagner.) 

Aqueous  morin  forms  a  lemon-yellow  precipitate  with  proto- 
chloride  of  tin.  It  precipitates  ferrous  sulphate  olive-green,  and  colours 
ferric  chloride  garnet-red  (or  in  presence  of  morintannic  acid,  blackish 
green.) 

Morin  dissolves  easily  in  alcohol,  forming  a  dark  yellow  solution, 
from  which  it  is  precipitated  by  water.  It  dissolves  readily"  in  ether, 
(Wagner.)  According  to  Chevreul,  it  is  precipitated  from  its  aqueous  solution  by 
solution  of  gelatin  ;  according  to  Wagner  it  is  not. 


B. — Tannic  Acids  {and  allied  bodies)  from  Cinchona-barks. 

1.  Cinchonatannic  Acid. 

C14H802? 

Berzelius.     Lehrbuch,  3  Aufl.  G,  246- 
Pelletier  &  Caventou.     Ajin.  Chim.  Phys.  15,  337. 
K.  ScHWARZ.     Wie7i.  Akad.  Ber.  7,  249 ;  J.  pr.  Chem.  56,  76 ;  abstr. 
Ann.  Pharm.  80,  330 ;  Pharm.  Centr.  1852,  193. 

Cinchona-barks  contain  a  tannic  acid  different  from  gallotannic 
acid,  which  imparts  to  them  the  property  of  precipitating  tartar-emetic 
greyish  yellow,  imparting  a  green  colour  to  ferric  salts,  and  pre- 
cipitating solution  of  gelatin.  (Berzehus).  —  The  tannin,  both  from 
brown  and  from  red  cinchona-bark  precipitates  ferric  salts  dark  green ; 
that  from  yellow  cinchona  bark  forms  a  lighter  green  precipitate  with 
ferric  salts.  (Pelletier  &  Caventou.)  —  Schwarz  examined  quinotannic  acid 
prepared  from  C/iina  regia. 
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Preparation.  1.  The  decoction  of  cinchona  bark  is  mixed  with  a  small 
quantity  of  calcined  magnesia,  which  precipitates  cinchona-red ;  the 
filtrate  is  precipitated  with  neutral  acetate  of  lead ;  the  precipitate  is 
decomposed  under  water  by  hydrosulphuric  acid ;  the  liquid  filtered 
from  the  sulphide  of  lead  (chinovin  and  a  Httle  cinchona-red)  is  pre- 
cipitated with  basic  acetate  of  lead;  the  precipitate  separated  by 
filtration  is  dissolved  in  dilute  acetic  acid  (which  leaves  cinchona-red 
undissolved),  and  the  filtrate  is  precipitated  by  ammonia.  The  hg-ht 
yellow  precipitate  is  washed  and  decomposed  by  hydrosulphurio  acid, 
and  the  liquid  filtered  from  the  sulphide  of  lead  is  again  precipitated 
with  an  alcoholic  solution  of  neutral  acetate  of  lead.  If  the  cinchona- 
tannate  of  lead  thus  obtained  be  decomposed  under  water  by  hydro - 
sulphuric  acid,  and  the  liquid,  filtered  from  the  sulphide  of  lead, 
evaporated  in  vacuo  over  oil  of  vitriol  and  a  mixture  of  ferrous 
sulphate  and  lumps  of  potash,  cinchonatannic  acid  remains  behind, 
already  somewhat  altered.  (Schwarz.)  —  2.  The  bark  is  exhausted 
with  water  at  60°,  containing  1  or  2  p.  c.  oil  of  vitriol;  the  filtrate  is 
mixed  with  carbonate  of  potash,  which  throws  down  a  compound  of 
cinchonatannic  acid  with  excess  of  quhiine  or  cinchonine  ;  and  this  com- 
pound is  washed  on  the  filter  with  a  small  quantity  of  water,  during* 
which  it  turns  red  in  consequence  of  the  oxidation  of  part  of  the 
tannic  acid ;  it  is  then  dissolved  in  dilute  acetic  acid,  the  oxidised 
extractive  matter  remaining  in  combination  with  the  acetic  acid ;  the 
liquid  is  precipitated  with  basic  acetate  of  lead  (the  colourless  solution 

retaining  quinine  and  cinchonine,  which  may  be  further  worked  up)  ;  the  precipi- 
tated cinchonatannate  of  lead  is  decomposed  by  hydrosulphuric  acid  ; 
and  the  filtrate  is  evaporated  in  vacuo.  (Berzelius.)  Or  the  above- 
mentioned  acid  extract  is  boiled  with  hydrate  of  magnesia  ;  the  Hquid 
is  filtered ;  the  residue  containing  magnesia,  cinchonatannic  acid, 
quinine,  and  cinchonine,  is  dissolved  in  dilute  acetic  acid ;  the  solution 
filtered  from  the  cinchona-red,  is  precipitated  by  basic  acetate  of 
lead  ;  and  the  precipitate  is  decomposed  as  above.  (Berzelius.) 

The  cinchonatannic  acid  obtained  by  method  2,  may  be  purified  by 
dissolving  it  in  a  small  quantity  of  water,  and  evaporating  the  filtrate 
in  vacuo, — or  better  by  solution  in  ether  and  evaporation.  (Berzelius.) 

Properties.  Light  yellow,  friable,  very  hygroscopic  mass,  w^hicli 
becomes  electric  by  friction.  Has  a  slightly  sour,  somewhat  astringent 
taste,  but  is  not  at  all  bitter. 


Calculation  according  to  Schwarz.  Schwarz. 

42  C 252     44-84  4475 

30  H 30     5-33  5-49 

35  0 280     49-83  49-76 

C42H30O35 562     100-00     lOO-OO 

Schwarz  regards  the  substance  analysed  as  a  mixture  of  2  at.  oxidised  tannic  acid 
Ci4Hiooi2^  and  1  at.  unaltered  tannic  acid  C^H^O^  +  2aq. 

Decompositions.  1.  Cinchonatannic  acid  heated  to  100°  in  a  stream 
of  carbonic  acid,  acquires  a  deep  red  colour  ;  if  water  be  then  poured 
upon  it,  a  red-brown  resin  separates.  (Schwarz.)  When  subjected  to 
dry  distillation,  it  emits  a  faint  odour  of  carbolic  acid,  and  yields  a 
distillate,  which  exhibits  towards  alkalis  in  contact  with  the  air,  and 


i 
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towards  ferric  cliluiide,  the  same  reactions  as  pyrocatocliiu  (xi,  379). 
(Schwarz.) — 2.  Its  aqueous  solution,  when  evaporated  by  heat,  deposits 
a  red-brown  powder  ;  after  the  residue  has  been  exhaus^ted  witli  water, 
a  compound  of  cinchonataunic  acid  with  cinchona-red  remains  undis- 
solved ;  and  finally  the  acid  is  completely  converted  into  cinchona-red. 
(Berzelius.)  —  The  aqueous  solution  of  cinchonataunic  acid,  especially 
if  supersaturated  with  alkalis  or  alkaline  earths,  absorbs  oxygen, 
and  acquires  a  darker  colour.  (Berzelius.)  In  this  reaction,  products 
are  formed,  which  may  be  regarded  as  compounds  of  a  body  contain- 
ing C^'H'O'^,  with  oxygen  and  water.  (Schwarz.) 

a.  Aqueous  cinchonataunic  acid  deposits,  on  addition  of  water,  a  red- 
brown  substance,  which,  when  washed  and  dried  at  100°,  contains  55'35 
p.  c.  carbon,  5*68  hydrogen,  and  38*97  oxygen,  and  maybe  represented, 
according  to  Schwarz,  by  the  formula  O^^H^^O^^  or  SC^^jjtqb  ^  jjq^ 
(calc.  55-38  p.  c.  C,  5'64  H.,  and  38-93  0.)  From  the  filtrate,  dilute 
sulphuric  acid  separated  red  liocks,  easily  soluble  in  alcohol,  and 
sparingly  in  Avater,  and  containing  at  100°,  38-87  p.  c.  C,  481  H., 
and  56-32  0. :  according  to  Schwarz  =  C^^h^O^^  or  =  C^'^IFO"  +  2aq. 
(calc.  3891  C,  4-86  H.,  and  56-23  0.)  —  h,  Cinchonataunic  acid  in  contact 
with  air  and  ammonia,  rapidly  absorbs  oxygen,  then,  on  addition  of 
dilute  sulphuric  acid,  gives  off  carbonic  acid— the  volume  of  whicli, 
however,  is  less  than  that  of  the  oxygen  absorbed — and  deposits  red- 
brown  flocks,  probably  consisting  of  cinchona-red.  —  c.  Cinchonatan- 
nate  of  lead  dried  at  100°,  in  contact  with  the  air,  was  found  to 
contain  54*3  p.  c.  PbO.,  and,  after  deduction  of  this,  47*92  p.  c.  C, 
4-85  H.,  and  47*23  0.,  showing  that  it  had  been  converted  into  C^^IFO^ 
(calc.  47-67  p.  c.  C,  4*63  H.,  and  47*70  O.).  (Schwarz.) 

3.  Cinchonataunic  acid,  heated  with  aqueous  hydrochloric  acid,  is  de- 
composed, with  separation  of  red  flocks,  which  dissolve  with  leek-green 
colour  in  aqueous  alkalis.  (Schwarz.)  —  4.  AVhen  heated  with  ^wtash- 
hij  it  loses  the  power  of  precipitating  gelatin,  and  does  not  recover  that 
power  even  after  supersaturation  w^itli  acids.  (Pelletier  &  Caventou.) 

Cinchonataunic  acid  dissolves  readily  in  ivater. 

From  the  concentrated  aqueous  solution,  hydrochloric  and  sulphunc 
acids  throw  down  compounds  of  cinchonataunic  acid  with  the  acids,  but 
less  easil}^  than  from  aqueous  gallotannic  acid.  (Berzehus.) 

It  unites  with  bases,  forming  easily  alterable  salts,  which  split  up 
into  cinchona-red  ajid  a  carbonate,  especiaUy  if  they  contain  excess  of 
base.  (Berzelius.)  From  a  concentrated  aqueous  solution  of  cinchona- 
taunic acid,  carbonate  of  potash  throws  down  a  sparingly  soluble 
compound  which  soon  turns  red.  (Berzelius.) 

Cinchonatannate  of  Lead,  Preparation,  ese  above.  The  salt,  dried  in 
vacuo  over  oil  of  vitriol  and  a  moist  mixture  of  ferrous  sulphate  and 
lumps  of  potash,  contains  53*5  p.  c.  lead-oxide,  and  after  deduction 
of  this,  55*70  p.  c.  C,  4*60  H.  and  39*70  0.,  and  is,  therefore,  C^^H^'O^^ 
(calc.  55-81  C,  4-31  H.,  39-88  O.)  +  3PbO.  (Schwarz.)  The  lead-salt  dried 
at  100°  contains  49*20  p.  c.  lead-oxide.  (Reichhardt.) 

Cinchonataunic  acid  dissolves  easily  in  alcohol  and  ether.  (Berzelius.) 
With  starch,  gelati?i,  and  ivhite  of  egg,  it  behaves  like  gallotannic  acid. 
The  aqueous  solution  mixed  with  the  latter  acid,  dries  up  to  a  trans- 
parent extract.  (Berzelius.) 
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2.  Cinchona-red. 

Pelletier  &  Caventoit.     Ami.  Chim.  Phys.  15,  315. 
R.  ScHWARZ.     Wien.  Akad.  Ber.  7,  255. 

Reichiiardt.       Ueber    die    chemischen    Bestandtheile    der    Chinarinden^ 
Braunschw.  1855. 

Oxidised  Tannin  of  Cinchona-bar Ji,  Rouge  cinchonique,  Maliere  colorante  romje 
dn  Quinquina.  —  Reuss  {Gott.  Anz.  1812,  601)  first  distinguished  the  non-bitter 
constituent,  insoluble  in  water,  of  the  alcoholic  extract  of  cinchona-bark,  by  the  name 
of  Rouge  cinchonique.  The  cinchona-red  of  Schwarz  exhibits  different  properties  from 
that  of  Pelletier  &  Caventou,  the  difference  arising,  according  to  Schwarz,  from  the 
presence  of  humous  substances;  but,  according  to  Reiclihardt  {Wien.  Akad.  Ber. 
30,  1G9),  pure  cinchona-red  was  obtained  only  by  Schwarz,  whereas  that  of  Pelletier  & 
Caventou  likewise  contained  quinovine.  —  Guiraud-Boissenot  (iV.  /.  Pharm.  25,  199) 
distinguished  between  soluble  and  insoluble  cinchona-red. 

Formation.     From  cinchonatannic  acid  by  oxidation  (p.  481). 

Occurrence.  In  brown,  red  and  yellow  cinchona- bark.  (Pelletier  & 
Caventou.)  In  Cinchona  regia.  (Schwarz.)  Most  abundantly  in  Cin- 
chona  ruhra^  less  in  Cinchona  regia  and  C.  fiava  fibrosa,  not  at  all  in 
Tluanoco  cinchona.  (Reichhardt.)  According  to  Reichcl  ( Ueher  China- 
rinden  und  deren  chemischen  Bestandtheile,  Leipz.  1856),  it  occurs  also  in 
the  latter.  The  extract  of  Cinchona  rubra  prepared  with  water 
acidulated  with  sulphuric  acid,  deposits  cinchona-red  on  standing. 
(Reichhardt).  —  Cinchona-red  occurs  also  in  Carapa-bark  from  Cay- 
enne, perhaps  obtained  from  a  Personia  (Petroz  &  Robinet,  J.  Pharm, 
7,  349).  —  A  red  colouring  matter,  obtained  by  Caventou  {N.  J.  Pharm. 
IG,  300)  from  the  bark  of  Suitenia  senegaknsis  exhibits  a  certain  degree 
of  similarity  to  cinchona-bark. 

Preparation.  1.  Pelletier  &  Caventou  exhaust]the  bark  with  alcohol; 
evaporate  the  tincture  to  diyness ;  boil  the  residue  repeatedly,  first 
with  acidulated,  then  with  pure  water ;  and  extract  the  fat  with  ether, 
the  cinchona-red  then  remaining  behind.  —  2.  The  powder  of  Cinchona 
rubra,  exhausted  with  water  containing  sulphuric  acid  and  with  ether, 
is  digested  four  times  with  alcohol  of  90  p.  c,  or  as  long  as  the  alcohol 
runs  away  coloured  ;  the  tinctures  are  evaporated ;  and  the  residue  is 
purified  by  re-solution  in  alcohol  and  evaporation  (Reichhardt). 

3.  The  bark  of  Cinchona  regia,  previously  exhausted  with  water,  is 
digested  with  dilute  aqueous  ammonia ;  the  red-brown  liquid  is  pre- 
cipitated with  hydrochloric  acid ;  the  red-brown  flocks  containing 
quinovine  and  cinchona-red,  are  collected,  washed,  and  boiled  with 
thin  milk  of  lime,  a  compound  of  quinovine  and  lime  then  passing  into 
solution,  whilst  cinchona-red,  together  with  lime,  remains  in  the 
residue.  This  residue  is  washed  with  boihng  water  and  decomposed 
by  dilute  sulphuric  acid ;  the  cinchona-red  thus  separated  is  thoroughly 
washed,  redissolved  in  ammonia,  and  precipitated  with  hydrochloric 
acid ;  the  precipitate  is  washed  and  dissolved  in  alcohol ;  and  the 
solution  filtered  from  the  insoluble  matter  is  evaporated  to  drync.' 
(Schwarz). 


CINCHONA-RED.  483 

4.  Reichel  exhausts  Huanoco  cinchona-ljark  with  alcohol  of  95  p.  c. 
evaporates  the  extract  to  dryness,  and  exhausts  successively  all  the 
constituents  that  are  soluble  in  ether  and  in  water. 

Properties.  Eed-brown,  inodorous,  tasteless,  infusible  mass  (Pelletier 
&  Caventou,  Reichhardt).  Chocolate -brown  (Schwarz),  brick-red 
(Guiraud-Boissenot),  light  red-brown,  darker  when  prepared  from 
Cinchona  rubra  (Reichel). 

Calculation  according  to  Schwarz.  Schwarz. 

at  100°. 

12  C 72     53-33     53-63 

7  H 7     5-19     5-36 

7  0 5fi     41-48     41-01 

C'2H707 135     100-00     ., 100-00 

According  to  Gmraud-Boissenot,  it  consists  of  C^'*H^O^,  with  traces  of  iron  and 
lime. 

Decompositions.  When  moistened  with  water  and  heated,  it  gives 
off  a  beautiful  purple-red  vapour,  condensing  with  the  same  colour, — 
then  swells  up,  without  actually  melting,  and  yields  a  distillate  con- 
sisting of  a  brown  and  afterwards  black  empyreumatic  oil.  The 
purple-red  substance  becomes  more  solid  on  cooling,  then  brown  in 
contact  with  the  air ;  it  dissolves  in  alcohol,  and  is  precipitated  there- 
from by  water, —  also  in  potash-ley,  whence  it  is  precipitated  by  acids, 
and  with  yellow  colour  in  ether  (Petroz  &  Robinet,  J.  Pharni,  7,  355), 
Cinchona-red  yields  by  dry  distillation  pyrogallic  acid,  empyreumatic 
oil,  and  a  carmine -coloured  substance,  soluble  in  ether  and  alcohol,  in- 
soluble in  water  (Guiraud-Boissenot). 

Cinchona-red  dissolves  very  shghtly  in  boiling  water,  forming  a 
pale  yellow  solution, — somewhat  more  freely  in  acidulated  water 
(Pelletier  &  Caventou).  It  is  insoluble  in  water,  sparingly  soluble  in 
dilute  acids  (Reichhardt).  —  It  dissolves  abundantly  in  aqueous 
ammonia,  potash  and  soda,  whence  it  is  precipitated  by  acids.  — ■  The 
ammoiiiacal  solution  forms  with  chloride  of  calcium  a  precipitate  of  a 
fine  red  colour  (Reichhardt,  Reichel).  AVith  magnesia  and  alumina  it 
forms  fine  red  lakes,  the  solutions  of  which  in  acids  do  not  precipitate 
gelatin.  From  the  solution  in  acetic  acid  it  is  precipitated  by  basic 
acetate  of  lead  (Pelletier  &  Caventou).  The  aqueous  solution  (Pelletier 
&  Caventou)  and  the  ammoniacal  solution  (Reichhardt)  yield  with 
tartar-emetic,  a  precipitate  of  a  fine  red  colour. 

Cinchona-red  is  insoluble  in  alcohol.  According  to  Reichel,  it  is 
more  or  less  soluble  in  alcohol,  according  to  the  variety  of  the  bark 
and  the  mode  of  preparation. 

Insoluble  or  very  slightly  soluble  in  ether  (Pelletier  &  Caventou  and 
others).  Dissolves  easily  in  ether,  forming  a  dark  red  solution 
(Schwarz).  Dissolves  easily  in  strong  acetic  acid,  and  is  precipitated 
therefrom  for  the  most  part  by  water  (Pelletier  «fe  Caventou,  Reich- 
hardt). 

In  the  unaltered  state,  it  is  not  precipitated  by  animal  gelatin 
I  (Pelletier  &  Caventou),  but  its  ammoniacal  solution  is  precipitated 
thereby,  after  a  while,  on  addition  of  alcohol  (Reichhardt),  —  The 
solution  of  cinchona-red  in  aqueous  potash  or  soda  precipitates  gelatin, 
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but  not  if  it  has  been  heated.  On  the  other  hand,  cinchona-red,  mixed 
with  ammonia,  baryta  or  lime,  precipitates  gelatin,  after  being-  heated, 
but  not  before  (Pelletier  &  Caventou). 


3.  Lignoi'n. 

Reiche.      Uebe?'  Chinarinden  und  dereii  Bestandtheilc,     Leipzig,  1856. 
0.  Hesse.     Ann.  Pharm.  109,  341. 

The  humous  constituent  of  Huanoco  cinchona  bark. 
Cinchona-hark  exhausted  with  ether,  alcohol  and  water,  is  re- 
peatedly digested  with  soda-ley  ;  the  dark  red-brown  solution  is  pre- 
cipitated with  hydrochloric  acid;  the  precipitate  is  washed,  redis- 
solved  in  soda-ley,  and  reprecipitated  by  dilute  sulphuric  acid;  and 
this  precipitate  is  washed,  first  with  acidulated,  then  with  pure  water, 
and  dried  at  100°  (Reichel). 

Properties.  Black-brown,  easily  friable  mass,  having  but  little 
lustre. 

Hesse. 

mean. 

40  C 240     59-25     59-36 

23  H 23     5-67     5-86 

N 14     3-47     3-52 

16  0 128     31-61     3l'2f) 

C40H23NO'«   405     100-00     lOO'OO 

After  deduction  of  1*79  p.  c.  ash.  —  From  Cinchona  rubra,  Reichel  (iV.  Br.  Arch. 
92,  9)  likewise  obtained  lignoin,  which  however  was  found  by  analysis  to  contain 
61.5  p.  c.  C,  4-65  H.  andN.,  besides  oxygen. 

Lignoin,  boiled  with  potash,  gives  off  ammonia  (Hesse) ;  melted 
with  potash,  it  likewise  emits  the  odour  of  woodruff  (Reichel).  —  It 
dissolves  quickly  in  aqueous  ammonia  and  in  soda-ley  (Reichel) ;  also  in 
aqueous  alkaline  carbonates,  without  taking  up  oxygen  (Hesse).  The 
ammoniacal  solution  is  precipitated  by  acids,  and  throws  down  from 
lime-  and  baryta-salts  a  red  brown  jelly, — from  lead-salts,  a  light  flesh- 
coloured  precipitate  (Reichel). 

It  is  perfectly  soluble  in  alcohol  of  85  p.  c.  (Reichel). 


4.  Quinovatannic  Acid. 

C^*H«0«? 
Hlasiwetz.     Wien.  Akad.Ber.  6,  2QQ  ;  abstr.  Ann.  Pharm.  79,  130. 

Occurrence.     In  the  bark  of  Cinchona  nova  or  surinamensis. 
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Preparation.  The  aqueous  decoction  of  the  bark  is  precipitated 
with  neutral  acetate  of  lead  ;  the  precipitate,  which  serves  for  the 
preparation  of  quinova-red,  is  removed ;  and  the  filtrate  is  divided  into 
three  parts,  one  of  which  is  completely  precipitated  with  basic  acetate 
of  lead,  and  then  mixed  with  the  other  two  portions.  The  precipitate 
thus  produced,  containing  quinovine,  the  remainder  of  the  quinova-red, 
and  a  small  quantity  of  quinovatannic  acid  (but  scarcely  available  for 
the  preparation  of  the  latter),  is  also  removed,  and  the  liquid  filtered 
therefrom  is  precipitated  with  basic  acetate  of  lead.  The  washed  pre- 
cipitate is  decomposed  under  water  by  hydrosulphuric  acid;  the 
sulphide  of  lead  is  removed  by  filtration,  and  the  hydrosulphuric  acid, 
partly  by  warming-  the  liquid,  then  completely  by  neutral  acetate  of 
lead ;  the  liquid  is  again  filtered ;  and  the  filtrate  is  mixed  with  a  large 
quantity  of  strong  alcohol,  which  throws  down  flocks  of  quinovatannate 
of  lead.  From  this  salt  the  acid  is  separated  by  hydrosulphuric  acid,  and 
the  solution  freed  from  sulphide  of  lead  is  evaporated  in  a  stream  of 
carbonic  acid. 

Amber-yellow,  transparent,  friable  mass,  having  an  astringent  and 
somewhat  bitter  taste. 


Hlasiwetz. 

at  100°. 

mean. 

28 

C 

....  168     .... 

....     52-01     .. 

51-82 

19 

H 

....     19     .... 

...       5-88     .. 

5-85 

17 

O 

....  136     .... 

...     4211     .. 

42-33 

2C»H908  + 

aq. 

....  323     .... 

....   100-00     .. 

100-00 

Decompositions.  1.  When  mixed  with  alkalis,  it  oxidises  in  contact 
with  the  air.  —  The  aqueous  solution  left  for  some  time  in  contact 
with  the  air  deposits  a  red  powder,  soluble  in  ammonia  and  in 
alcohol,  and  probably  consisting  of  quinova-red.  —  2.  By  boiling  for 
some  time  with  dilute  sulphuric  acid,  it  is  decomposed,  with  forma- 
tion of  a  substance  which  reduces  an  alkaline  solution  of  cupric  oxide, 
like  glucose.  —  3.  In  contact  with  cupric  hydrate  or  acetate,  it  assumes 
a  dark-greenish  brown  colour,  the  protoxide  of  copper  being  reduced 
to  dioxide,  and  the  acid  oxidised  to  viridic  acid.  —  4.  It  reduces  silver^ 
and  gold-salts. 

Combinations.  Soluble  in  loater.  Turns  brown  in  contact  with 
ammonia,  the  colour  gradually  becoming  darker.  Does  not  precipitate 
tartar-emetic. 

Quinovatannate  of  Lead.  The  aqueous  acid  does  not  precipitate 
neutral  acetate  of  lead.  The  salt  is  prepared:  1.  By  precipitating 
the  acid  with  basic  acetate  of  lead,  washing  and  drying  at  100°. — 
2.  By  precipitating  the  alcoholic  solution  of  the  acid  with  alcohoHc 
sugar  of  lead,  washing  the  precipitate,  and  diying  at  100°. 

According  to  1.  Hlasiwetz.  According  to  2.  Hlasiwetz. 

7nean. 

140  C  3012  ....  29-99     28  C  26*25  ....  26*41 

89  H  3-18  ....  3-08     17  H  2-65  ....  2-67 

79  O    22-69  ....  22-67             15  O    18-75  ....  1895 

11   PbO    ....  44-01  ....  44-26  3  PbO  ....  52-35  ....  51-97 

100-(0     ....   100-00  100-00     ....   10000 
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No.  1  is  regarded  by  Hlasiwetz  as  ]0Ci4H«O7+ llPbO  + 9aq.  ;  No.  2,  as 
2(CiH1807,PbO)  +  PbO,HO.  — A  third  lead-salt  contained  4Ci''H807,PbO.  {Wien. 
AJcad.  Ber.  6,  2/0.) 

Quinovatannic  acid  colours  fet^ric  hydrochlorate  dark  green. 
It  dissolves  in  alcohol,  not  in  ether.    Does  not  precipitate  solution  of 
gelatin. 


5.  Quinova-red. 

Pelletier  &  Caventou  (1820).     J.  Pharm.  7,  111. 
Hlasiwetz.     Wie7i.  Akad.  Ber.  6,  273 ;  A?in.  Pharm.  79,  138. 

Different    from    cinchona-red.       Occurs    ready-formed    in    large 
quantity  in  Cinchona  nova. 

Formation.    By  the  oxidation  of  quinovatannic  acid  (p.  485). 

Preparation.  1.  The  aqueous  decoction,  or  the  alcoholic  extract  of 
the  bark,  is  precipitated  with  neutral  acetate  of  lead ;  the  precipitate 
(which  contains  scarcely  any  organic  compound  except  quinova- 
red)  is  decomposed  under  water  by  hydrosulphuric  acid ;  and  the 
mixture  of  quinova-red  and  sulphide  of  lead  is  washed  with  water 
and  boiled  with  a  small  quantity  of  alcohol.  From  the  alcoholic 
filtrate,  the  quinova-red  is  precipitated  by  the  addition  of  a  large 
quantity  of  water  (Hlasiwetz).  —  2.  The  bark  is  digested  Avith  dilute 
aqueous  ammonia,  the  filtrate  is  precipitated  with  hydrochloric  acid  ; 
and  the  precipitate  is  washed  till  the  filtrate  no  longer  turns  iron-salts 
green,  and  therefore  no  longer  contains  quinovatannic  acid.  The 
residue  is  freed  from  admixed  quinovine  by  boiling  it  4  or  5  times 
with  milk  of  lime  ;  the  compound  of  quinova-red  with  hme,  which  is 
insoluble  in  water,  is  decomposed  by  hydrochloric  acid  ;  the  separated 
quinova-red  is  washed  with  water,  and  dissolved  in  dilute  aqueous 
ammonia ;  and  the  solution  is  precipitated  with  hydrochloric  acid. 
After  washing  out  the  hydrochloric  acid  with  hot  water,  the  precipi- 
tate is  dissolved  in  alcohol,  separated  from  the  undissolved  matter, 
and  the  pure  quinova-red  is  precipitated  by  mixing  the  filtrate  with 
water  (Hlasiwetz). 

Properties.    Nearly  black,  shining  resinous  mass,  yielding  a  dark 
red  powder  (Hlasiwetz). 


12  C 

6  H 

5  0 

at  100°. 

72     .... 

6     ... 

40     .... 

....     6101     .. 
....       5-09     . 
....     33-90     .. 

Hlasiwetz. 

61-21 

5  08 

33-1)1 

C'lPO^. 

118     .... 

....   100-00     .. 

10000 

O.  Hesse  {Ann.  Pharm.  109,  342)  suggests   the   formula   C^^H^^'O^^  (calc.  61-85 
p.c.  C,  5*17  H.,  32-98  O),  having  regard  to  that  of  lignoin  (p.  484.) 
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By  successive  treatment  with  potash  and  adds^  quinova-red  is  con- 
verted into  a  tannic  acid  (Pelletier  &  Caventou).  —  With  nitric  acid  it 
forms  oxaUc  acid  (Pelletier  &  Caventou). 

Quinova-red  is  nearly  insoluble  in  ivater.  (Illasiwetz.)  It  is  not 
altered  by  dilute  acids.  It  dissolves  easily  in  aqueous  ararnonia,  and  in 
t\\Q  fixed  alkalis  (Hlasiwetz),  less  easily  than  chinchona-red.  (Pelletier  & 
Caventou.)  Forms  insoluble  compounds  with  baryta  and  lime, 
(Hlasiwetz).    Does  not  precipitate  tartar-emetic  (Pelletier  &  Caventou). 

Alcoholic  quinova-red  is  completely  precipitated  by  alcoholic  sugar 
of  lead.  The  red-brown  precipitate  washed  and  dried  at  100°,  contains 
45*1  p.  c.  PbO,  32-61  C,  and  2*33  H.,  and,  therefore,  consists  of  oxide 
of  lead  and  oxidised  quinova-red  C^*H^O^^  (Hlasiwetz). 

Quinova-red  dissolves  easily  in  alcohol  and  in  ether.  (Hlasiwetz.) 


C. — Tannic  Acids  from  Piaus  S/jlvestris  and  Phlohaphene. 

1.  Oxypinitannic  Acid. 

CJi^HSQ^? 
Kawaliek.     Wien.  Akad.  Ber,  11,  354. 

Occurs  about  Christmas  in  the  needles  of  Pinus  si/lvestris,  and  is 
obtained  as  a  lead-salt  in  the  preparation  of  pinipicrin  (see  below).  The 
lead-salt  is  digested  with  acetic  acid  diluted  with  8  pts.  water ;  the 
filtrate  is  precipitated  with  basic  acetate  of  lead,  which  throws  down 
a  pure  lead-salt;  the  washed  precipitate  is  decomposed  by  hydro- 
sulphuric  acid ;  and  the  filtrate  is  evaporated  over  the'  water-bath. 

Grey  or  brovrnish  powder.  Inodorous.  Has  a  very  astringent 
taste. 


at  100°. 

Kawalier. 

14  C 

8  H... 

9  O 

84     .... 

8     .... 

72     .... 

...     51-22     .. 
...       4-87     .. 
...     43-91     .. 

51-24 

4-98 

43-78 

C"H809 164     100-00     100-00 

After  deduction  of  1*6  p.  c.  ash. 

Decomposition.  1.  Burm  when  heated  on  platinum-foil,  leaving  a 
residue  of  charcoal.  —  2.  After  supersaturation  with  ammonia,  it 
quickly  absorbs  oxygen  from  the  air,  and  becomes  dark-brown. — 3.  By 
boiling  with  hydrochloric  acid,  it  becomes  turbid,  and  acquires  the 
colour  of  carmine.  Aqueous  oxypinitannic  acid,  mixed  with  oil  of 
vitriol^  turns  red,  and  deposits  flocks  on  addition  of  water.  On  boihng 
it  with  dilute  sulphuric  acid,  a  red  powder  is  precipitated,  and  after  the 
removal  of  this  powder  and  the  acid,  there  remains  in  solution  an 
amorphous  substance,  which  contains  42*60  p.  c.  C,  and  6-80  H.,  and 
does  not  consist  of  sugar  (Rochleder  &  Kawalier,  Wieii.  Akad.  Ber. 
29,  22).  —  4.  The  ammonia-salt,  mixed  with  nitrate  of  silver,  becomes 
brown-red,  and  separates  metallic  silver  when  heated. 


188  TANNIC  AClDSj   ETC.,   FROM   PINUS   SYLVESTUIS. 

Comhinations.  Tlie  acid  dissolves  readily  in  water.  The  aqueous 
acid  is  coloured  yellow  by  ammonia,  and  forms  with  haryta-water,  a 
yellow  liquid,  which  deposits  red  flocks  when  heated.  It  is  coloured 
g-reen  by  ferric  cldoride,  and  precipitates  greenish-brown  by  sulphate 
of  copper,  and  a  small  quantity  of  anuiionia.  It  is  not  precipitated 
by  tartar-emetic  or  nitrate  of  silver, 

Oxypinitannate  of  Lead.  —  !N  eutral  acetate  of  lead  forms,  with  the 
aqueous  acid,  a  lemon-j^ellow  precipitate,  inclining'  to  greenish  ;  basic 
acetate  of  lead,  a  cream-coloured  precipitate.     Preparation  as  above. 

Kawalier. 

28  C 1G8     20-43     26-11 

13   H 13     2-05     2-OS 

1.')   () 120     18-86     18-48 

3  PbO  335     52  66     53*33 

C-SH'^0^3PbO    636     100-00     100*00 


% 


2,  Pinitannic  Acid. 

Kaavalier.      Wien.  Akad.  Ber.  11,  357. — 29,  19. 

1.  Occurs  about  Christmas  in  the  needles  of  old  trees  of  Pinus 
sylvestris,  and  is  obtained  as  a  lead-salt  in  the  preparation  of  pinipicrin. 
The  liquid  from  which  the  oxypinitannic  acid  has  been  precipitated  by 
neutral  acetate  of  lead,  is  heated  to  the  boiling  point,  basic  acetate  of 
lead  is  then  added  by  drops,  and  the  whole  left  to  cool.  The  washed 
precipitate  is  decomposed  by  hydrosulphuric  acid,  and  the  liquid  heated 
with  the  sulphide  of  lead,  then  filtered  and  evaporated  to  dryness  in  a 
stream  of  carbonic  acid. 

2.  It  occurs  also  in  the  green  parts  of  Thuja  occidentalis.  (See 
'rhujigenin.)  It  is  partly  precipitated,  together  with  thujin,  by  neutral 
acetate  of  lead,  partly,  together  with  thujigenin,  in  the  subsequent 
precipitation  by  basic  acetate  of  lead,  and  remains  in  solution  when 
these  precipitates  are  decomposed  by  hydrosulphuric  acid,  and  the 
thujin  and  thujigenin  have  crystallised  out.  The  remaining  solutions 
are  evaporated  to  dryness,  and  the  pinitannic  acid  is  extracted  by 
anhydrous  ether-alcohol.  The  filtrate  quickly  evaporated  to  drj^iess 
over  the  water-bath,  leaves  the  acid  which  may  be  dried  in  vacuo  over 
oil  of  vitriol. 

Yellow-red,  or,  if  prepared  from  Thuja,  brownish  yellow  powder, 
having  a  shghtly  bitter,  astringent  taste.  At  100°  it  becomes  soft 
and  gTutinous. 

Kawalier. 
from  Pinus.     from  Thujar 

U  C 84     ....     53-84     ....     5351     53-67 

8  H     8     ....       5-12     ....       5-42     5-55 

8  O  64  ....  41-04  ....  4107  40-78 

C'^H^Qs  ....  156  ....  100-00  ....  100-00  100-00 
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Decompositions.     1.    Burns   on    platinum-foil,    leaving    charcoal. 

2.  Swells  up  at  130°,  yields  an  acid  watery  distillate  between  100° 
and  200°,  and  tar  at  higher  temperatures.  —  3.  The  ammoniacal  solu- 
tion absorbs  oxygen  and  becomes  red-brown.  —  4.  When  aqueous 
pinitannic  acid  is  heated  with  dilute  acids,  a  red  powder  is  separated, 
while  an  amorphous  substance  remains  behind. 

a.  The  red  powder  (prepared  with  pinitannic  acid  from  pines)  con- 
tains 58-22  p.  c.  C,  4-G5  II.,  and  37*13  0.,  agreeing  with  the  formula 
(J42JJ28O20  (pj^Ip  58-33  c.,  4-63  H.,  and  37-04  0.).  —  The  product  from  Thuja, 
after  washing  with  cold  water,  dissolves  with  difficulty  in  boiling- 
water,  and  separates  in  brick-red  flocks  on  coohng.  After  drying  in 
vacuo,  it  contains,  on  the  average,  58*37  p.  c.  C,  4*69  II.,  and 
36*94  0. 

h.  The  liquid  freed  from  the  red  powder  and  the  acid,  leaves,  when 
evaporated  over  the  water-bath,  an  amorphous,  brown-yellow  residue, 
which  reduces  cupric  oxide  in  alkaline  solution,  like  glucose,  but  does 
not  taste  sweet  or  exhibit  any  of  the  other  characters  of  a  sugar.  It 
ci)ntains  47*02  p.  c.  C,  5*84  H.,  and  47*14  0.,  answering  to  the  formula 
O'-H^O''  or  C^^H^^O^^ 

Pinitannic  acid  dissolves  readily  in  ivater.  The  solution  colours 
ferric  chloride  dark  brown-red,  and  precipitates  ciqmc  sidphate  and 
nitrate  of  silver,  the  latter  on  addition  of  ammonia. 

Finitannate  of  Lead.  —  The  aqueous  acid  throws  down  from  neutral 
acetate  of  lead,  a  yellow  precipitate,  easily  soluble  in  a  small  quantity 
of  free  acetic  acid ;  from  the  basic  acetate,  at  mean  temperature,  a 
lemon-yellow  at  the  boiling  heat,  and  with  excess  of  basic  acetate,  a 
fiery  chrome-yellow  precipitate.  Contains  54*16  p.  c.  lead-oxide,  and 
after  deduction  of  this,  53*11  p.  c.  C,  5*42  H.,  and  41*47  0.,  on  which 
account  Kawalier  supposes  it  to  contain  C^IP^O^  =  4C^*II"0®  +  HO 
in  combination  with  lead-oxide  (calc.  53-08  C,  5-21  H.,  and  41-71  O.). 

Pinnitannic  acid  dissolves  easily  in  alcohol  and  ether.  It  does  not 
precipitate  solution  of  gelatin.  Its  aqueous  solution,  heated  to  boiling 
with  a  small  quantity  of  stannic  hydi-ochlorate,  'communicates  to 
woollen  stuffs  mordanted  with  alum  or  tin-salt,  a  permauent  lemon- 
yellow  to  chrome-yellow  colour. 


3.  Cortepinitannic  Acid, 

Ci6H^0'  ? 

Kawalier.     Wien.  Akad.  Ber.  11,  363. 

Occurrence.  In  the  hnier  and  outer  bark  of  old  trees  of  Finns 
sylvestris  about  Christmas. 

Freparation.  From  the  inner  hark  (see  Finicorretin,  p.  33).  The 
lead- salt  obtained  in  the  preparation  of  pinicorretin  is  suspended  in 
water,  and  decomposed  by  hydrosulphuric  acid  ;  and  the  heated  liquid  is 
filtered  from  the  sul})hide  of  lead,  and  evaporated  to  dryness  in  a  stream 
of  carbonic  acid. 
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2.  From  the  outer  hark.  The  bark,  cleansed  and  coarsely  bruised, 
is  boiled  with  alcohol  of  40°  ;  the  filtrate  is  left  to  cool;  the  wax 
which  separates  is  removed  by  filtration  ;  and  the  greater  part  of  the 
alcohol  is  distilled  off,  whereupon  a  fresh  quantity  of  wax  separates 
out.  The  filtered  and  expressed  liquid,  mixed  with  water  and  solution 
of  neutral  acetate  of  lead,  yields  a  precipitate  of  impure  cortepinitannate 
of  lead  (a) ;  and  the  hquid  filtered  therefrom  yields,  with  basic  acetate 
of  lead,  a  second  precipitate,  which  has  a  dirty  yellow  colour,  but  hke- 
wise  consists  of  cortepinitannate  of  lead  (/3).  The  first  lead-salt  is 
treated  with  dilute  acetic  acid ;  the  red  filtrate  is  precipitated  with 
basic  acetate  of  lead ;  the  brown-red  precipitate  is  washed  and  decom- 
posed by  hydrosulphuric  acid ;  and  the  hot-filtered  liquid  is  evaporated 
to  dryness  in  a  stream  of  carbonic  acid,  cortepinitannic  acid  then 
remaining. 


Properties,    Bright-red  powder. 


Kawalier. 
a,  b.  mean, 

32  C 192     ....     55*65     ....     55*45     56-12 

17  H    17     ....       4*92     ....       5-30     4-76 

17  O    136     ....     39-43     ....     39*25     39*12 

C32Hi70'7....  345     ....  100*00     ....  100*00     100*00 

a.  Obtained  from  the  inner  ;  h.  from  the  outer  bark.  For  h,  Kawalier  gives  the 
formula  C^^H^^O^,  differing  from  the  formula  above  by  ^  at.  -jvater,  and  regards  a  as 
2C16H707  +  3H0,  b  as  4C16H707  +  5HO. 

Decompositions.  The  lead-salt  y3,  obtained  as  above,  contains  in  100  ptw. 
after  deduction  of  the  lead-oxide,  54-61  p.  c.  C,  5*18  H.,  and  41-21  0., 
therefore  cortepmitannic  acid,  C^^H'O^  (calc.  54-24  p.  c.  C,  5*08  H.,  40*68  O.), 
combined  with  lead-oxide  (such,  at  least,  appears  to  be  Kawalier's  meaning). 
When  this  lead-salt  is  decomposed  under  water  by  hydrosulphuric 
acid,  and  the  filtrate  is  evaporated  in  contact  with  the  air,  there 
remains  an  apparently  unaltered  residue,  Avhich  however  contains 
48-68  p.  c.  C,  4*95  H.,  and  46*37  0.,  and  is  therefore  perhaps  pinicor- 
tannic  acid  C^H^^O'^^ 

The  aqueous  solution  of  the  acid  is  coloured  green  by  ferric 
chloride, 

Cortepinitannate  of  Lead. — Obtained  from  the  inner  bark  in  the  man- 
ner described  at  page  33. 

In  vacuo.  Kawalier. 

48  0 288     34*69  34*17 

23  H 23     2*77 2*86 

23  0 184     22*17  21*99 

3  PbO 335     40*37  40*98 

C48a"3023,3PbO    830     100-00     100*00 

After  deduction  of  the  lead-oxide,  C^^'H-Yj-s  q^  sciqiro^  +  2H0.     (Kawalier.) 


I 
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4.  Pinicortannic  Acid. 

032JJ19Q23  I 

Kawalier.     Wien.  Alrid.  Ber.  11,  3G0. 

Occurrence.     In  i\iQ  h^^rk  oi  Pinussylvestris, 

Formation.       Cortepinitannic   acid  changes  to   pinicortannic  acid 
when  its  solution  is  evaporated  in  contact  with  the  air  (see  p.  490  ). 


ution. 


See  Pinnicorretin  (p.  33). 


Properties.    Red-brown  powder. 

In  vacuo.  Kawalier. 

32  C 192     48-60  48-57 

19  H 19     4-81  4-93 

23  0 184     46-59  46-50 

C32H19023  ....  395     100-00     100*00 

After  deduction  of  1-2  p.  c.  ash.  —  C^SRi'^O'^  or  2G^^¥i^0^^  +  aq.    (Kawalier.) 

When  boiled  with  ivater  containing  hydrochloric  acid,  it  is  converted 
into  a  bright  red  powder,  which,  after  drying  in  vacuo,  contains 
51-56  p.  c.  C,  4-47  H.,  and  43-97  0.,  and  is  therefore  Q^^WO^\  or 
3C16H8010  +  HO  (Kawaher).     Calc.  51-34  C,  and  4-45  H. 

After  drying,  it  dissolves,  but  very  slowly,  in  ivater.  Its  aqueous 
sohition  colours /^mc  chloride. 


5.  Tannopic  Acid, 

C28H15013? 

RocHLEDER  &  Kawalier.     Wien.  ATcad.  Ber.  29,  22. 

Occui-s  in  spring  in  the  needles  of  Pinus  sylvestris,  and  was  obtained, 
instead  of  oxypinitannic  acid,  in  a  preparation  undertaken  with  the 
object  of  obtaining  the  latter  (p.  487).  —  Needles  gathered  about 
Easter  contained  tannopic  acid ;  those  gathered  about  Christmas  yielded 
oxypinitannic  acid. 

It  oxidises  readilj^,  especially  in  contact  with  warm  moist  air.  When 
heated  with  sulphuric  or  hydrochloric  acid,  it  yields  a  red  decomposition- 
product,  similar  to  that  which  pinitannic  acid  deposits  under  the  same 
circumstances. 

at  100°.  Kawalier. 


28  C 

15  II 

13  0 

163  ... 

15  ... 

104  ... 

....  58-54  ... 

5-22  ... 

....  36-24  ... 

....  58-45 
....   5-28 
36-27 

C^Hi50'=*  

287  ... 

....  100-00  ... 

....  100-00 
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6.  Tannecortepinic  Acid. 

KocuLEDER  &  Kawalier.     Wteti.  Akad.  Ber.  29,  23. 

Occurrence.     In  the  bark  of  Phms  sylvestris,  when   the  trees  ai 
between  20  and  25  years  old. 

Preparation.  The  chopped  bark  is  thoroughly  boiled  with  alcohol 
of  40°;  the  alcohol  is  completely  distilled  off  (the  last  portions, 
after  dilution  of  the  residue  with  water);  the  viscid  resin  which 
separates  from  the  residue  is  removed  by  filtration ;  the  filtrate  pre- 
cipitated with  neutral  acetate  of  lead ;  the  precipitate  collected  and 
washed;  and  the  filtered  liquid  mixed  with  basic  acetate  of  lead, 
whereby  a  fresh  precipitate  is  formed,  containing  tannecortepinate  of 
lead,  like  the  first. 

a.  The  precipitate  formed  by  neutral  acetate  of  lead  is  treated 
three  times  with  quantities  of  dilute  acetic  acid  insuflScient  for  com- 
plete solution ;  the  liquid  is  filtered  from  the  undissolved  portion, 
resin  then  remaining  ;  the  united  acetic  acid  solutions  are  precipitated 
with  basic  acetate  of  lead ;  and  the  precipitate  is  collected,  washed, 
and  decomposed  under  water  with  hydrosulphuric  acid.  The  liquid 
filtered  from  the  sulphide  of  lead,  and  evaporated  to  half  its  volume  in 
a  stream  of  carbonic  acid,  deposits  brown-red  crusts  of  tannecortepinic 
acid. 

h.  The  precipitate  formed  by  basic  acetate  of  lead  is  decomposed 
under  water  with  hydrosulphuric  acid;  the  filtrate  is  evaporated  in 
a  stream  of  carbonic  acid  ;  the  residue  is  dissolved  in  alcohol,  the 
solution  precipitated  with  alcohohc  neutral  acetate  of  lead ;  the  pre- 
cipitate washed  and  decomposed  under  water  with  hydrosulphuric 
acid  ;  the  filtrate  again  evaporated  in  a  stream  of  carbonic  acid ;  and 
the  residue  dried  at  100°. 

Properties.  Reddish  brown  powder,  which  does  not  become 
glutinous  at  100°.     Has  an  astringent  taste. 

Kawalier. 
memt. 

28  C 168     60-65     60*42 

13  H 13     4-69     4-76 

12  0 96     34-66     34-82 

C28H13012  277     100-00     lOO'OO 

After  deduction  of  0'14  to  0*8  p.  c.  ash. 

The  aqueous  solution,  heated  with  dilute  svlphuric  or  hydrochloric 
acid,  deposits  a  fine  red  precipitate  of  nearly  the  same  composition  as 
tannecortcj^inic  acid.  The  filtrate  freed  from  sulphuric  acid  and  the 
rest  of  the  red  body,  by  a  small  quantity  of  basic  acetate  of  lead, 
and  from  lead  by  hydrosulphuric  acid,  leaves,  on  evaporation,  a 
sweetish  colourless  residue,  which  reduces  an  alkaline  cupric  solution, 
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like  glucose,  and  burns  on  platinum  with  an  odour  of  sugar.  The 
quantity  obtained  from  100  pts.  of  tannecortepinic  acid  reduces  as 
much  cupric  oxide  as  5*43  pts.  of  grape-sugar. 

With  aqueous /^rr/c  hjdrocldorate  it  becomes  dark  green,  then  red- 
brown,  and  finally  yields  a  black-green  precipitate. 


7.  Pityxylonic  Acid. 

WiTTSTEiN.     Pharm.  Viertelj.  3,  14. 

From  TTtTVQ,  pine,  and  ^v\ov,  wood.  —  Occurs  in  the  stem  of  Pinus  sylveMris, 
and  probably  also  in  that  of  Pinus  Abies. 

Preparation.  Finely  rasped  pine-wood  is  boiled  with  water,  the 
Hquid  is  mixed  with  carbonate  of  baryta,  strained  and  evaporated  to  a 
few  ounces,  then  filtered,  and  the  residue  is  exhausted  with  ether. 
The  mass  exhausted  with  ether  and  treated  with  warm  alcohol,  yields 
to  the  latter  liquid  pityxylonic  acid,  which  remains  behind  when  the 
solution  is  evaporated. 

Brown-yellow,  amorphous  mass,  hygroscopic,  with  a  strong  bitter 
taste  and  acid  reaction. 

Sparingly  soluble  in  cold,  easily  in  boiling  ivater^  forming  a  pale 
yellow  solution,  which  becomes  turbid  on  coohng.  —  Easily  soluble  in 
alkaline  water. 

Lead-salt,  The  acid  is  dissolved  in  ammoniacal  water;  and  the 
solution  precipitated  with  neutral  acetate  of  lead.  —  Bitter  powder, 
becoming  electric  by  friction.  — •  Somewhat  soluble  in  water. 

Witts  tein. 
at  100°.  mean. 

25  C  150-0     44-43     44*58 

20  H 20-0     5-92     5-81 

8  0 64-0     18-99     19-11 

PbO 111-8     30-66     30-50 

C25H20O8,PbO    ....  345-8     100-00     100-00 

So  according  to  Wittstein. 


8.  Phlobaphene. 

(J20JJ808? 

Stahelin  &  HoFSTETTER.     Ann.  Pharm.  51,  65. 

According  to  Stahelin  &  Hofstetter,  phlobaphene  is  an  ordinary  constituent  of  the 
outer  bark  of  Pinus  sylvestris,  Betula  alba,  yellow  cinchona-bark,  and  the  bark  of 
Platanus  acerifolia.  Kawalier  ( PFfew.  Akad.  Ber.  11,  344)  contests  the  independent 
existence  of  phlobaphene,  whereas  J.  Wolff  {Pharm.  Viertelj.  3,  1)  finds  it  also  in 
birch-fungus,  and  Wittstein  (Pharm.  Viertelj.  3,  10)  in  pine-bark.  Hesse  (Ann  Pharm. 
109,   343)  calls  attention  to  the  resemblance  of  phlobaphene  to  cinchona-red  (p.  482), 
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whereas,  according  to  others,  it  resembles  rhodoxanthin.  Finding  it  impossible  to  deter- 
mine the  precise  relations  of  these  imperfectly  investigated  bodies,  I  have  thought  it 
best  to  follow  StUhelin  &  Hofstetter.     (Kr.) 

By  the  following  mode  of  treating  the  barks,  sometimes  phloba- 
phene  is  obtained,  sometimes  bodies  differing  from  it  by  water  or 
oxygen. 

I.  Phlohaphene  from  the  outer  Bark  of  Pinus  sylvestris. — From  the 
alcoholic  extract  of  the  bark  previously  exhausted  with  ether,  ether 
extracts  wax,  leaving  a  brown  residue  insoluble  in  water. 

a.  When  the  brown  residue  (or  phlobaphene  obtained  by  1,  h)  is 
dissolved  in  aqueous  ammonia,  and  the  solution  precipitated  with  dilute 
sulphuric  acid,  red-brown  flocks  are  thrown  down,  and  the  yellow 
filtrate,  on  exposure  to  the  air,  deposits  an  additional  quantity  of  the 
same  substance.  These  flocks  contain  59*98  p.  c.  C,  4-44  H.,  and 
35'58  0.,  and  consist  of  StUhelin  &  Hofstetter's  hydrate  of  phloba- 
phene C^H^O^  -f  aq.  —  The  same  hydrate  of  phlobaphene  is  likewise 
extracted  by  aqueous  alkalis  from  the  bark  previously  exhausted  with 
ether  and  alcohol,  and  is  precipitated  from  the  red-brown  solution  by 
sulphiuric  acid.  After  repeated  solution  in  alcohol  and  evaporation,  it 
contains  59*58  p.  c.  C,  4*59  H.,  and  35*83  0. ;  it  is  insoluble  in  water 
and  dilute  acids,  precipitated  from  the  ammoniacal  solution  by  baryta- 
and  lime- salts,  and  sparingly  soluble  in  alcohol  after  drying. 

h.  When  the  ammoniacal  solution  of  the  brown  residue  is  treated 
with  neutral  acetate  of  lead,  the  precipitated  lead-salt  exhibits  the 
composition  a  or  /S,  according  to  the  circumstances  of  the  preparation. 


Stahelin 

Lead-salt  a. 

&  Hofstetter. 

60 

C 

360-0     

..     34-84 

35-25 

2o 

H 

25*0     

..       2-42 

2-70 

25 

0 

200-0     

..     19-36     . 

19-90 

4 

PbO    

447-2     

..     43-38 

42-15 

3C20H3O8,4PbO  +  aq. 

....  1032-2     

..  100-00 

......  100-00 

Stahelin 

Lead-salt  /3. 

&  Hofstetter. 

20  C 

1200     

..     18-01 
..       1-65 

18-09 

11 

H  

110     

1-80 

11 

O   

88-0     

..     13-21 

13-20 

4 

PbO  

447-2     

..     67-13 

66-91 

C20H8O8,4PbO  +  3aq. 

G66-2     

..  100-00 

100-00 

c.  Wlien  the  brown  residue  is  dissolved  in  a  small  quantity  of 
boiling  alcohol,  and  precipitated  with  hot  water,  the  liquid  being- 
stirred,  a  red-brown  precipitate  of  phlobaphene  is  produced  while 
tannic  acid  remanis  dissolved  in  the  filtrate.  —  The  phlobaphene  imme- 
diately separated  by  filtration,  and  washed  with  boiling-  water,  is 
red-brown,  free  from  nitrogen,  tasteless,  and  unalterable  in  the  air, 
both  in  the  moist  and  in  the  dry  state.  It  does  not  melt  when  heated, 
but  burns  with  a  smoky  flame,  leaving  a  large  quantity  of  charcoal. 
It  is  slightly  soluble  in  acetic  acid,  insoluble  in  water  and  in  other 
dilute  acids,  but  dissolves  readily  in  aqueous  alkalis,  with  deep  brown- 
red  colour,  and  after  drying,  is  no  longer  soluble  in  alcohol.     It  con- 
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tains,  on  the  averag^c,  G2-78  p.  c.  C,  4-30  H.,  and  32'92  0.,  answering' 
to  the  formula  G'-m^O^  (calc.  62-50  C,  4-16  H.,  and  33-34  O.). 

cl  Tlie  yellow,  sour  and  astringent  liquid  filtered  from  the  phloba- 
13liene,  deposits,  on  standing-  or  evaporation  in  contact  with  the  air, 
hydrate  of  phlobaphene,  in  the  form  of  a  red-brown  powder,  containing 
59-81  p.  c.  C,  4-59  II.,  and  35*60  0.  It  precipitates  metaUic  and 
earthy  salts,  also  ferric  chloride,  the  latter  dark-green.  On  adding 
neutral  acetate  of  lead  to  the  hot  liquid  immediately  after  filtra- 
tion, a  grey  precipitate  is  formed,  containing,  on  the  average,  37*92 
p.  c.  C,  2-49  II.,  24-80  0.,  and  34-79  PbO.,  answering  to  the  formula 
C20IPO^'',PbO. 

II.  PIdobaphene  from  the  Baric  of  Plataims  Acerifolia. — Extracted  by 
dilute  potash-ley  from  the  bark  previously  exhausted  with  ether,  and 
precipitated  by  dilute  sulphuric  acid.  The  red-brown  flocks  are 
washed,  then  dissolved  s  3 veral  times  in  boiling  alcohol,  and  the  solution 
is  evaporated.  Red-brown  amorphous  powder,  having  a  slightly  astrin- 
gent taste,  somewhat  soluble  in  cold,  more  soluble  in  boiling  water ; 
soluble  in  aqueous  ammonia  and  in  alcohol.  Contains,  on  the  average, 
57-23  p.  c.  C,  4-80  II.,  and  37*97  0.,  corresponding  to  the  formula 
Coo|pQ8  ^  2aq.  (calc.  57*14  C,  4-76  H.,  and  38*10  0). 

III.  Phlobaphene  from  Yellow  Cinchona-hark. — When  the  alcoholic 
extract  of  the  bark,  pi-eviously  exhausted  with  ether,  is  evaporated  as 
long  as  it  remains  clear,  and  then  mixed  wdth  water  containing  sul- 
phuric acid,  a  copious  red-brown  precipitate  falls  to  the  bottom.  From 
this  precipitate  an  insoluble  portion,  C^^II^O',  may  be  separated  by 
digestion  in  ammonia.  If  the  solution  be  then  precipitated  witli 
acetic  acid,  and  the  precipitate  treated  with  alcohol,  phlobaphene 
remains  behind,  and  a  fresh  portion  of  the  body  C^^H^^O^  passes  into 
solution.  The  phlobaphene  thus  obtained  is  a  brown-red  powder, 
which  does  not  fuse  when  heated,  is  insoluble  in  water,  acids,  alcohol, 
and  ether,  and  dissolves  easily  in  aqueous  alkalis.  It  contains 
62*55  p.  c.  C,  4*41  PI.,  and  33*04  0.,  answering  to  the  formula  C20H«0^ 
and  the  compound  precipitated  by  neutral  acetate  of  lead  from  its 
ammoniacal  solution,  contains  18*57  p.  c.  C,  1*39  H.,  10*19  0.,  and 
69*85  PbO,  agreeing  with  the  formula  C2°II80^4PbO.  From  the 
cinchona-bark  exhausted  with  alcohol  and  ether,  dilute  potash- solu- 
tion extracts  hydrate  of  phlobaphene,  precipitable  by  sulphuric  acid, 
and  containing  59*35  p.  c.  C,  4*59  H.,  and  36*06  0.  When  this  com- 
pound is  precipitated  from  the  alcohoHc  solution  by  alcohohc  sugar  of 
lead,  the  precipitate  contains,  on  the  average,  70*28  p.  c.  PbO,  as 
required  by  the  formula  C^oH^O^  4  PbO  (calc.  69-77  PbO). 

IV.  Phlobaphe7ie  from  the  outer  Bark  of  Betula  Alba. — After  this  bark 
lias  been  exhausted  with  ether,  alcohol  extracts  phlobaphene  contain- 
ing 62-37  p.  c.  C,  4*35  H.,  and  33*28  0.  Hydrate  of  phlobaphene 
then  remains  in  the  bark,  whence  it  may  be  extracted  by  potash-ley, 
and  when  precipitated  by  hydrochloric  acid,  contains  59*87  p.  c.  C, 
4*67  H.,  and  35*46  0. 
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D. — Tannic  Acids  from  Aspiclium  Filix  Mas. 

1.  Tannaspidic  Acid. 

C26JH4011  ^ 

Luck.     Jahrh.  i?r.  Pharm,  22,  159 ;  abstr.  Pharm.  Centr.  1851,  G57  and 
G76;   C/^m.  Gaz,  1851,  452  and  407. 

Occurrence.     In  tlie  root  of  Aspidium  Fili.r  mas. 

Preparation.  Wlieii  the  coarsely  pulverised  fern-root  is  boiled  wi^.li 
alcohol  of  75  to  80  p.  c,  and  the  decoction  mixed  with  water,  a  little 
hydrochloric  acid,  and  jnilverised  sulphate  of  soda,  a  j^recipitate  is 
formed,  containing  tannaspidic  and  pteritannic  acids.  This  precipitate 
is  collected,  washed  with  solution  of  sulphate  of  soda,  pressed,  again 
triturated  with  water,  and  digested  for  half  an  hour  at  60"  —  80° 
with  water  containing  hydrochloric  acid,  whereby  ammonia  and  other 
bases  are  removed.  The  residue,  washed  with  water,  dried  and 
exhausted  with  ether  free  from  alcohol,  yields  pteritannic  acid  to  this 
solvent.  The  ethereal  solution  is  filtered;  the  residue  warmed  with 
strong  alcohol,  mixed  with  a  fcAV  drops  of  solution  of  neutral  acetate 
of  lead,  then  W^ith  hydrosulplmric  acid  (which  renders  it  capable  of  filtration), 
and  filtered ;  and  the  filtrate  is  evaporated,  first  in  a  stream  of  hydro- 
gen, then  in  vacuo  over  oil  of  vitriol.  The  tannaspidic  acid  thus 
obtained  is  pure  if  insoluble  in  water  and  ether,  but  completely  soluble 
in  alcohol. 

Properties.  Black-brown,  amorphous,  shining,  friable,  mass.  In- 
odorous, with  a  slightly  astringent  taste  and  faint  acid  reaction. 

Luck. 
a.  b.  mean. 

in  vacuo. 

26  C 156     ....     60-4(5  28  C 168     ....     60'43     ....     60-27 

14  n    14     ....       5-42  14  H    14     ....       504     ....       5-65 

11  O    88     ....     34-12  12  O     96     ....     34-53     ....     34-08 

C26Hi4on....  258     ....  100-00  C^W^O^^ ....  278     ....  lOO'OO     ....  100-00 

Luck  gives  the  first  formula;  the  second  here  proposed,  agrees  with  the  analysis  of 
the  free  acid,  less  closely  with  those  of  the  lead-salt  and  the  derivatives.     (Kr.) 

Decompositions.  1.  The  clear  solution  of  tannaspidic  acid  evaporated 
at  100°,  with  access  of  air,  leaves  a  residue  partly  insoluble  in  alcohol. 
—  2.  Heated  in  a  test-tube,  it  gives  off  acid  water,  with  an  odour  of 
burnt  tartar,  and  leaves  charcoal.  —  3.  Burns  without  residue  on  plati- 
num foil.  —  4.  With  oil  of  vitriol,  it  f onus  a  red-brown  solution,  which 
becomes  darker  when  heated,  and  is  partly  precipitable  by  water.  — 
5.  The  alcoholic  acid  is  converted  by  tincture  of  iodine  at  40° — 60°, 
into  a  brown  iodated  substance,  which  is  precipitated  by  water,  and 
may  be  freed  from  excess  of  iodine  by  ether  free  from  alcohol.  —  6.  By 
dry  chlorine  gas,  it  is  converted  into  bichlorotannaspidic  acid ;  by  moist 
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chlorine  gas  into  quadriclilorotannaspidic  acid,  and  by  chlorine -water, 
into  trichlorotannaspidic  acid.  —  7.  The  alcoholic  solution,  heated 
with  hydrochloric  acid,  acquires  a  fine  purple-red  colour,  and  when 
mixed  with  water  deposits  a  red  powder.  This  precipitate  is  regarded 
by  Luck  as  ethyltannaspidic  acid  (p.  499).  A  solution  of  tannaspidic  acid  in 
wood-spirit  does  not  yield  methyl-tannaspidic  acid,  when  heated  with  hydrochloric  acid. 
—  8.  Tannaspidic  acid,  when  heated  with  dilute  hydrochloric  acid  and 
chlorate  ofjwtash,  gives  off  a  large  quantity  of  chlorine  gas,  and  is  con- 
verted into  Luck's  terchloroxy tannaspidic  acid,  which  appears  to  be 
identical  with  terchlorotannaspidic  acid.  —  9.  It  dissolves  in  cold  fuming- 
nitric  acid,  without  evolution  of  gas,  forming  a  brown  solution,  pre- 
cipitable  by  a  small  quantity  of  water.  The  solution  yields,  by 
evaporation,  a  yellow  residue,  not  containing  oxalic  acid.  — 10.  A 
strong  aqueous  solution  of  chromic  acid  decomposes  it  with  violent 
evolution  of  gas.  — 11.  With  aqueous  potash  or  ammonia,  it  forms  a 
brown  solution,  which  becomes  darker  when  heated,  takes  up  oxygen 
when  exposed  to  the  air,  becoming  purple-red  or  brown,  and  deposits 
brown  or  black  flocks  on  addition  of  an  acid. 

Insoluble  in  water.  —  The  alcoholic  solution,  mixed  with  ammonia, 
yields  a  brown  precipitate  with  chloride  ofhariujn  or  chloride  of  calcium ; 
it  colours  sesquichloride  of  iron  green,  and  precipitates  it  on  addition  of 
ammonia.  With  metallic  salts,  on  addition  of  ammonia,  it  forms  dark- 
coloured  precipitates,  but  it  does  not  precipitate  tartar-emetic. 

Lead-salt.  —  Precipitated  from  the  alcoholic  acid  by  an  alcoholic  solu- 
tion of  neutral  acetate  of  lead,  and  washed  with  weak  spirit,  then  with 
water.  —  Black  shining  mass,  yielding  a  brown  powder. 

Luck. 


26  C 

13  H    

10  0    

a. 

156     . 

13     .. 

80     .. 

112     .. 

..     43-21 
..       3-60 
..     22-16 
..     31-03 

28  C 

13  H    

11  O     

b. 

168     . 

13     .. 

88     .. 

..     44-10     .. 
..       3-41     .. 
..     23-10     .. 
..     29-39     .. 

mean. 
..     43-40 
..       3-65 
..     22-35 

PbO    

PbO    

112     .. 

..     30-60 

C26Hi3oio,PbO....  361     ....  100-00        C2SHi30",PbO....  381     ....  lOO'OO    ....  lOO'OO 
The  first  formula  is  that  given  by  Luck. 

Tannaspidic  acid  dissolves  in  alcohol,  even  in  absolute  alcohol.  It 
dissolves  in  acetic  acid,  and  is  precipitated  therefrom  by  water.  It 
precipitates  the  solution  of  isinglass  in  aqueous  alcohol. 

It  is  insoluble  in  ether,  oil  of  turpentine  Sindjixed  oils. 


2.  Bichlorotannaspidic  Acid. 

Luck.     Jahrh.  pr.  Pharm.  22,  163. 

Dry  chlorine  gas  is  passed  over  tannaspidic  acid  dried  in  vacuo,  a 
gentle  heat  being  applied  towards  the  end  ;  the  resulting  hydrochloric 
acid  is  removed  by  dry  air ;  the  product  is  dissolved  in  alcohol,  and 
the  solution  left  to  evaporate  in  contact  with  the  air. 

Amorphous  cinnamon-coloured  powder,  having  a  fruity  odour,  a 
slightly  acid  astringent  taste,  and  acid  reaction. 
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26  C 

a. 
.  156  . 
.  11  . 
.  71  . 

.  88  . 

..  47-88 
..   3-37 
..  21-74 
...  27-01 

28  C 

12  H 

2  CI  

12  O  

h. 
.  168  . 
.  12  . 
.  71  . 

.  96  . 

..  48-41  . 
..   3-46  . 
...  20-46  . 
...  27-67  . 

Luck. 
In  vacuo. 

...     47-81 

11  H  

2  CI  

11  0  

..   3-35 
...  21-90 
...  26-94 

C26C12H"0"... 

.  326  . 

..  100-00 

C28C12H12012,. 

.  347  . 

..  100-00  . 

...  100-00 

Luck  gives  the  first  formula,  which  does  not  accord  with  the  principles  of  this 
Handbook. 

The  acid  does  not  acquire  a  purple-colour  when  heated.  It  dissolves 
with  brown  colour  in  potash-ley.  —  With  metallic  salts,  it  reacts  like 
tannaspidic  acid.  —  Insoluble  in  luater,  ether,  and  oils  both  fixed  and 
volatile,  but  easily  soluble  in  alcohol. 


3.  Terchlorotannaspidic  Acid. 

Luck.    Jahrb.pr,  Pharm,  22,  165  and  167. 
Trichloroxytannaspidic  acid. 

Preparation.  1.  When  chlorine  gas  is  passed  into  water  in  which 
tannaspidic  acid  is  suspended,  the  brown  acid  is  converted  into  a  lighter 
loam-coloured  powder,  which  may  be  washed,  dried,  dissolved  in 
alcohol,  and  recovered  by  evaporating  the  alcohol. — 2.  Pulverised 
tannaspidic  acid,  gently  heated  with  hydrochloric  acid  and  chlorate  of 
potash,  is  converted,  after  a  while,  with  copious  evolution  of  chlorine, 
into  a  fiery  orange-coloured  powder,  which  separates  as  the  liquid 
cools.    Has  an  acid  reaction  and  a  sour  astringent  taste. 

a. 

26  C 156-0  41-46 

10  H    10-0  2-65 

3  CI   106-5  28-23 

13  O    104-0 27-66 


C26C13H10O13 376-5     100-00 

Luck. 
b.  a.  b. 

26  C  1560     40-60     41-27     40*39 

10  H 10-0     2-60     2-69     2-90 

3  CI 106-5     27-64     281 3     27-33 

14  O 112-0     29-16     27-91     29-38 

C26C13H10O14  ....  384-5     100*00     100-00     lOO'OO 

a  was  obtained  by  1  ;  J  by  2  ;  the  latter  is  Luck's  trichloroxytannaspidic  acid,  for 
which  he  calculates  the  formula  b.     The  two  acids  appear  to  be  identical,     (Kr.) 

The  acid  (prepared  by  1)  dissolves  in  cold,  and  blackens  hot  oil  of 
vitriol. 

It  is  insoluble  in  water,  but  dissolves  with  brown  colour  in  aqueous 
alkalis.    With  metallic  salts,  it  reacts  like  tannaspidic  acid. 
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Lead-salt-- Obtained  by  precipitating  the  alcoholic  solution  of  the 


black-brown  shining  mass. 


Luck. 
a.  b. 


1"  H 10-0     ....       2-05     2-11  2-18 

3  CI 106-5     ....     21-80  •■• 

13  O 104-0     ....     21-29 

22-30 


PbO 112-0     ....     22-92     22-10 


C26ci3Hiooi3,PbO  ....  488-5     ....  100-00 


b  is  the  lead-salt  of  Luck's  trichloroxytannaspidic  acid  =  C26C13H^<'O^^PbO. 

Terchlorotannaspidic  acid  dissolves  easily  in  alcohol.  The  solution 
forms  a  very  curdy  precipitate  with  solution  of  ^e/a^m.  —  It  is  insoluble 
m  ether  and  m  oils,  both  Jixed  and  volatile. 


4.  Quadrichlorotannaspidic  Acid. 

Luck.     Jahrh.pr.  Pharm.  22,  168. 

Air-dried  tannaspidic  acid  absorbs  chlorine  gas  with  rise  of  tem- 
perature and  evolution  of  hydrochloric  acid  gas,  and  forms  a  brown 
powder,  which  dissolves  easily  in  aqueous  alkalis  and  in  a/coAo/,  and 
gives  with  metallic  salts  the  same  reactions  as  tannaspidic  acid. 


26  C 

....  156  ... 

35-61  ... 

2-73  ... 

....  82-83  ... 
....  29-33  ... 

Luck. 
35-74 

12  H 

....  12  ... 

2-81 

4  CI 

16  O 

....  142  ... 
....  128  .... 

....  32-12 
....  29-33 

C26H12C140«  .... 

....  438  ... 

....  100-00  ... 

....  100-00 

5,  So-called  Ethyl-tannaspidic  Acid. 

Luck.     Jah^b.  pr.  Pharm.  22,  169. 

One  pt.  tannaspidic  acid  is  digested  in  the  water-bath  with  14  pts. 
alcohol  of  85  p.  c.  and  2  pts.  hydrochloric  acid  of  sp.  gr.  1-12,  for  an 
hour  or  two,  or  till  the  Uquid,  when  viewed  in  thin  layers,  exhibits  a 
pure  purple-red  colour  ;  any  powder  that  may  separate  is  dissolved  by- 
addition  of  alcohol ;  and  the  hot-filtered  liquid  is  mixed  with  cold  water. 
The  light  red  precipitate  is  washed  and  (kied. 

Light  purple  powder,  without  taste  or  smell.     Neutral. 

Luck. 


56  C  

31  H  

21  O  

....  336  ... 
...  31  ... 
...  168  ... 

62-81 

5-79 

31-40 

mean  ;  m  vacuo 

62-92 

5-79 

31-29 

C56H31021.... 

...  635  ... 

....  100-00 

100-00 

2k2 
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So,  according  to  Luck,  who  regards  tliis  compound  as  ethyl-tannasjndic  acid, 
2C26Hi3oio^C-'H50.  —  The  body  does  not  exhibit  any  of  the  characters  of  an  acid 
ether,  but  appears  to  be  related  to  tannaspidic  acid  in  the  same  way  as  ledixanthin 
or  rhodoxanthin  to  ledi-  and  rhodo-tannic  acids.     (Kr.) 

Decompositions.  1.  The  acid  turns  brown  when  exposed  to  the  air, 
more  quickly  at  100°.  —  2.  In  alcoholic  oy  ether-alcoholic  solution,  it 
decomposes  and  turns  brown  in  a  few  days — or  more  quickly  at  tem- 
peratures between  60°  and  80°,  less  easily  if  mixed  with  hydrochloric 
acid.  The  brown  solution  recovers  its  original  colour  when  treated 
with  hydrochloric  acid.  In  this  reaction,  according  to  Luck,  the 
ethyl-tannaspidic  acid  is  resolved  into  alcohol  and  tannaspidic  acid,  and 
on  subsequently  treating  the  product  with  alcohol  [?  hydrochloric 
acid,  W.]  the  ethyl-tannaspidic  acid  is  reproduced.  The  alcoholic 
solution  did  not  however  exhibit  any  traces  of  newly  formed  alcohol 
(Kr.). — 3.  It  dissolves  with  orange-brown  colour  in  oil  of  vitriol. — 
4.  With  nitric  acid,  it  forms  a  brown-red  substance.  —  5.  The  alcoholic 
solution  is  decolorised  by  chlorine.  —  7.  By  aqueous  ammonia,  ovj^otash- 
ley  of  sp.  gr.  1*2,  it  is  converted  into  a  dark-green  powder;  in  case  of 
greater  dilution,  it  is  dissolved,  witli  the  same  colour,  and  when  left 
to  itself,  or  heated,  it  is  converted  into  tannaspidic  acid. 

Insoluble  in  water.  —  When  dissolved  in  alcohol,  it  forms  a  violet 
precipitate  with  chloride  of  barium,  calcium,  or  aluminium,  on  addition  of 
ammonia;  greenish  black  wiih.  ferrous  chloride  and /emc  acetate;  violet- 
red  with  2^rotochlo7^ide  of  tin  ;  dark  brown  with  nitrate  of  silver  on  addition 
of  ammonia  ;  dark  violet  with  bichloride  of  platinum. 

Lead-salts.  —  a.  Monobasic.  Formed  by  precipitating  the  cold 
alcoholic  solution  of  the  acid  with  neutral  acetate  of  lead.  The  pre- 
cipitate has  a  fine  dark  green  colour,  becoming  dhty  blue  green  on 
drying. 

Calculation  according  to  Luck.  Luck. 

56  C  336     51-97     51-99 

31  H 31     4-79     4-73 

21  O  168     25-99     26-03 

PbO 112     17-25     17-25 

C56H3i02i,PbO  647     100-00     100-00 

b.  With  a  larger  proportion  of  Lead-oxide.  —  Basic  acetate  of  lead 
throws  down  from  the  alcoholic  acid  a  green  precipitate,  soon  becoming 
dingy  green.  It  contains  31*08  p.  c.  PbO,  and  is  therefore  perhaps 
2C26Hi30^°,C*H»0,2PbO  (calc.  29-43  p.  c.  PbO.)     (Luck). 

The  acid  dissolves  in  alcohol  with  dark  purple  colour.  The  solution 
produces  a  very  shght  turbidity  in  solution  of  gelatin.  —  The  acid  is 
insoluble  in  ether,  and  in  0^75  hoih  fixed  and  volatile. 


6.  Pteritannic  Acid. 

Luck.     Jahrb.pr.  Pharin.^-I,  173. 

See  Tannaspidic  acid  (p.  496).     The  ethereal  solution  of  pteritannic  acid 
obtained  as  there  described  leaves,  on   evaporation,  a  black-brown 
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residue,  which  is  digested  with  distilled  rock-oil  as  long  as  the  oil  is 
thereby  coloured  brown.  The  undissolved  powder  is  collected,  pressed, 
triturated  and  boiled  with  water ;  the  residual  resinous  cake  is  dis- 
solved in  ether ;  and  the  solution  is  evaporated. 

Black-brown,  amorphous,  shining  mass,  yielding  a  fawn-coloured, 
electric  powder.     Tasteless,  with  a  faint  odour.     Reacts  slightly  acid. 

Calculation  according  to  Luck.  Imck. 

24  C  144     64-57     64-41 

15  H 15     6-72     6-90 

8  0 64     28-71     28-69 


C^HiSQS    ....  223     100-00     100-00 

Luck's  formula  should  be  doubled  to  make  it  agree  with  principles  of  the  Handbook 
Decompositions.  1.  When  gently  heated  on  platinum-foil,  it  melts, 
gives  off  balsamic  vapours,  burns  with  a  luminous  flame,  and  leaves 
charcoal.  —  2.  It  dissolves  with  yellow-brown  colour  in  oil  of  vitriol. 
—  3.  Dry  chlorine  converts  it  into  bichloropteritannic  acid.  —  4.  ]iy  boil- 
ing with  alcohol  and  hydrochloric  acid,  it  is  converted  into  Luck's 
ethylpteritannic  acid  (p.  503).  —  5.  In  warm  alkaline  solution  it  absorbs 
oxygen,  and  turns  brown-red. 

Insoluble  in  Water. — The  alcoholic  solution  forms  brown  precipitates 
with  chloride  of  barium  and  chloride  of  calcium  on  addition  of  ammonia, 
and  green  precipitates  with  ^;ro<o-  and  sesqui- chloride  of  iron. 

Fteritannate  of  Lead.  a.  Sesquibasic.  —  Alcoholic  pteritannic  acid, 
mixed  with  excess  of  neutral  acetate,  or  with  basic  acetate,  of  lead, 
throws  down  monobasic  pteritannate  of  lead,  and  the  liquid  filtered 
therefrom  yields,  with  a  small  quantity  of  ammonia,  a  light  fawn- 
coloured  precipitate  of  the  sesqui-basic  salt. 

Luck. 

48  C 288     37-32     37'82 

29  H 29     3-75     3-98 

15  O  120     15-56     14-75 

3  PbO 336     43-37     43-45 

2(C-^Hi^OsPbO)  +  PbO.HO   ....  773     100-00     100-00 

b.  Monobasic.     Preparation  just  described. 

Luck. 

24  C  144     44-22     44*07 

14  H 14     4-30     4-31 

7  0 56     17-22     17-52 

PbO 112     34-26     34-10 


C24HH07^Pb0    ....  326     100-00     lOO'OO 

c.  Biacid.  —  By  precipitatmg  alcoholic  pteritannic  acid  with  a 
quantity  of  neutral  acetate  of  lead,  not  sufficient  for  complete  pre- 
cipitation.    Grey-brown  precipitate. 

Luck. 


48  C  

..  288  ... 
..  29  ... 
..  120  ... 
..  112  ... 

....  52-50  ... 
....   5-28  ... 
....  21-89  ... 
....  20-33  ... 

....  52-47 

29  H   

....   5-31 

15  0 

PbO  

....  22-12 
20-10 

2C2^Hi'07,PbO,HO  .. 

..  549  ... 

....  100-00  ... 

....  100-00 
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Pteritannic  acid  dissolves  in  strong  alcohol,  less  freely  in  weak 
alcohol  J  easily  in  ether ;  but  is  insoluble  in  oils,  l3oth  fixed  and  volatile. 


7.  Bichloropteritannic  Acid. 

Luck.     Jahrh.  pr.  Pharm.  22,  178. 

Chlorine  gas  is  passed  ijito  water  containing  pteritannic  acid  in 
suspension,  and  the  product  is  washed,  dried,  and  purified  by  solution 
in  ether. 

Light  loam-coloured  powder,  tasteless,  but  with  a  slight  fruity 
smell. 

Calculation  according  to  Luck.  Luck. 

24  C  „ 144     47-87  4754 

14  H 14     4-65  4-80 

2  CI 71     23-54  23-33 

9  O 72     23-94  2433 

C24Hi3ci208,HO    301     100-00     10000 

Insoluble  in  water.  —  Reacts  with  metallic-salts  like  terchloropteri- 
tannic  acid. 

Lead-salts.  —  By  precipitating  the  alcoholic  acid  with  neutral  acetate 
of  lead,  precipitates  are  formed,  containing  from  5  to  15  p.  c.  PbO.  — 
Th^  monobasic  salt  is  obtained  by  precipitating  the  alcoholic  acid  with 
basic  acetate  of  lead. 


Luck. 

24  C  

144     ... 

....     35-70     ... 

....     35-85 

13  H 

13    .... 

....       3-22     .... 

....       3-23 

2  CI 

71     .... 

....     17-58 
....     15-84 

8  O 

64     .... 

PbO 

112     .... 

....     27-66     .... 

....     27-63 

C24Hi3CP08,PbO  404     100-00 

Bichloropterritannic  acid  dissolves  in  alcohol  and  ether,  but  is  in- 
soluble in  oils,  both  fixed  and  volatile. 


8.  Terchloropteritannic  Acid. 

Luck,     Jqhrh.  pr.  Pharm.  22,  177. 

Dry  chlorine  gas  is  passed  over  dry  pteritannic  acid ;  the  resulting  fll 
hydrochloric  acid  is  expelled  by  dry  air,  and  the  product  is  purified  fl 
by  solution  in  alcohol  ™ 

Orange-coloured  powder,  having  a  faint  peculiar  odour,  a  scarcely 
bitter  taste,  and  an  acid  reaction. 
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Calculation  according  to  Luck.  Luck. 

24  C   1440     44-14     4413 

12  H  12-0     3-67     3-91 

3  01 106-5     19-63     19-77 

8  O  64-0     32-56     32-19 

C24H12C1308 326-5     100-00     100*00 

When  heated  on  platinum-foil,  it  'melts  and  gives  off  acid  vapours. 

It  is  insoluble  in  water.  —  It  dissolves  with  brown  colour  in 
aqueous  alkalis.  —  The  alcoholic  solution  forms  a  green  precipitate 
with  proto-  and  sesqui-chloride  of  iron,  light  brown  with  chloride  of 
copper,  no  precipitate  with  chloride  of  calcium  or  barium,  nitrate  of 
silver,  or  tartar-emetic. 

Lead-salt.  —  From  an  alcoholic  solution  of  terchloropteritannic 
acid,  basic  acetate  of  lead  throws  down  a  precipitate  which  contains 
25-27  p.  c.  PbO,  and  is,  therefore,  C^^H^^cpos^PbO  (calc.  25-48  PbO). 

The  acid  dissolves  readily  in  alcohol  and  ether,  but  is  insoluble  in 
oils,  both  fixed  and  volatile.  It  forms  a  slight  precipitate  with  gelatin- 
solution. 


9.  So-called  Ethyl-pteritannic  Acid. 

Luck.     Jahrh.  pr.  Pharm.  22,  179. 

A  solution  of  pteritannic  acid  in  absolute  alcohol  is  boiled  with  a 
small  quantity  of  hydrochloric  acid,  and  the  purple-red  solution  is  (a) 
cither  dropt,  with  stirring,  into  a  large  quantity  of  water,  or  {b)  mixed 
with  a  small  quantity  of  water. 

Prepared  by  a :  Light  purple- violet  powder ;  by  & :  Black-red 
resin,  yielding  a  dark-red  powder.  Tasteless,  with  scarcely  acid  reaction. 

Calculation  according  to  Luck.  Luck. 

a.  b.  a.  J). 

52  C 65-82     52  C  67-09  65-74  ....  67-03 

34  H  7-17     33  H  7*09  7-22  ....   705 

16  O     27-01  15  O  25-82     27-04     ....  25-92 

C52H^Oi6 100-00  C52H33015....  100-00     100-00     ....  100-00 

Luck  splits  the  formula  a  into  2C24H"07,C4H50,HO  ;  I  into  2C24Hi4or,C''H=0. 
—  Till  the  resolution  of  the  so-called  ethyl-pteritannic  acid  into  pteritannic  acid  and 
alcohol  is  established  by  experiment,  this  body  may  be  more  probably  regarded  as  a 
compound  analogous  to  ledixanthin  (p.  528)  and  rhodoxanthin.     (Kr.) 

When  dissolved  in  alcohol,  it  decomposes,  with  formation  of 
pteritannic  acid,  less  easily  when  mixed  with  hydrochloric  acid.  —  It 
is  decomposed  by  chlorine  or  by  nitric  acid.  —  Its  solution  in  aqueous 
ammonia  or  potash  turns  brown  on  standing. 

The  acid  is  insoluble  in  water,  but  dissolves  with  brown  colour  in 
oil  of  vitriol,  and  is  precipitated  therefrom  by  water.  —  It  dissolves 
with  green  colour  in  aqueous  alkalis.  —  The  alcoholic  solution  mixed 
with  a  little  ammonia  forms  a  green  precipitate  with  chloride  of  barium 
or  calcium,  bluish  violet  with  chloride  of  aluminium,  blackish  green  with 
proto-  or  sesqui-chloride  of  iron.     It  precipitates  cupric  acetate  violet. 
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Colours  protO' chloride  of  tin  violet,  and  on  addition  of  ammonia,  pre- 
cipitates it  bluish  green. 

Lead-salt.  The  alcoholic  solution  of  the  acid  fonns  with  neutral  and 
basic  acetate  of  lead,  green  precipitates  which  become  violet-grey 
when  dry.  The  precipitate,  formed  with  an  insufficient  quantity  of 
the  neutral  acetate  contains  10*5  p.  c.  PbO  ;  that  formed  with  excess 
of  the  neutral  acetate  or  with  an  insufficient  quantity  of  basic  acetate, 
contains  21*55  p.  c. ;  and  that  formed  with  excess  of  the  basic  acetate, 
contains  33*59  p.  c.  PbO. 

Ethyl-pteritannic  acid  dissolves  easily  in  alcohol  and  in  ether,  form- 
ing purple  solutions.  It  produces  but  slight  turbidity  in  solution  of 
gelatin. 


E. — CaffetanniG  and  Viridic  Acids, 

Caffetannic  Acid. 

C"H80'  ? 

Ppaff.    Schw.  62,  31. 

BoLLE.  N.  Br.  Arch.  25,  271. 

RocHLEDER.     Ann.  Pharm.   59,  300.  —  Ann.  Fharm.   63,    193;    abstr. 

Fharm.  Centr.  1847,   913.—  Wien.  Ahad.  Ber.  1,  224;  Ann.  Pharm. 

66,35;  Pharm.  Centr.  1848,   697;   Wien.  Ahad.  Ber.  1,   228;  Ann. 

Iharm.    66,    39;    Pharm.    Centr.    1848,    701. —  Wien.   Akad.   Ber. 

7,  815  ;  J.  pr.  Chem.  56,  93  ;  Aiiti.  Pharm.  82,    194  ;    Pharm.  Centr. 

1852,  364.  —  Wien.  Alcad.  Ber.  24.  39  ;  J.  pr.  Chem.  72,  392  ;  Chem. 

Centr.  1858,  75. 
Payen.     Compt.  rend.  22,  724 ;    23,  8,  and  244 ;    N.  Ann.  Chim.  Phys. 

26,  108  ;  J.  2^r.  Chem.  38,  471. 
RocHLEDER    &   Hlasiwetz.   Wien.   Akad.   Ber.    5,    6 ;    J.  pr.   Chem. 

51,  415  ;  Ann.  Pharm,  16,  338;   Chem.  Gaz.  1851,  121. 

Caffeic  acid  (Rochleder).  Discovered  by  PfafF.  The  latter,  on  precipitating  the 
aqueous  decoction  of  coffee-beans  with  neutral  acetate  of  lead,  and  decomposing  the 
precipitate  underwater  with  hydrosulphuric  acid,  and  evaporating  the  filtrate  to  a  syrup, 
found  that  it  separated  into  a  soluble  portion  containing  caffetannic  acid,  and  an  insolu- 
ble portion  containing  aromatic  caffeic  acid.  Bolle  and  Rochleder  were  unable  to 
find  the  latter.  — With  caffetannic  acid  we  shall  here  place,  as  Rochleder  does,  Payen's 
chlorogenic  acid  separated  from  the  Sel  naiurel  du  cafe,  or  chlorogenate  of  caffeine  and 
potash,  whereas  Zwenger  &  Siebert  {Ann.  Pharm.  Svppl.  1,  77)  regard  that  salt  as 
identical  with  the  kinic  acid  which  they  found  in  coffee  Against  the  latter  view  must 
be  alleged,  amongst  other  statements  of  Payen,  that  his  Sel  naiurel  contains  nitrogen. 

Occur^rence.  In  the  beans  and  leaves  of  the  coffee-tree  {Handh.  viii, 
Phytochem.  65),  in  the  leaves  of  Ilex  paraguayensis  (ibid.  22),  and  in  the 
root  of  Chiococca  ramosa  (ibid.  56). 

Runge's  Verdic  acid  (Grunsaure).  —  lii  the  root-stock  of  Scabiosa 
succisa,  as  well  as  in  many  Con^positce  (Handb.  viii,  Phytochem.  70)  in 
Synantharece  (ibid.  65)  and  in  Umbelliferce,  there  is  found  an  acid,  form- 
ing, with  ammonia,  a  yellow  compound,  which  turns  blue-green  in 
contact  with   the   au\      This  verdic    acid    is,   according  to   Runge, 


CAFFETANNIC  ACID.  505 

characteristic  of  the  above-mentioned  tribes  of  plants ;  it  exhibits 
some  points  of  resemblance  to  valerotannic  acid  (p.  533),  also  to 
caffetannic  acid  and  rubichloric  acid  (see  Buhian).  —  The  root-stock  of 
Scabiosa  succisa,  after  being  cleansed,  pulverised,  and  dried,  is  ex- 
hausted with  alcohol ;  the  solution  is  precipitated  with  ether ;  the 
white  precipitate  is  collected  and  washed  with  ether,  and  its  aqueous 
solution  is  precipitated  with  neutral  acetate  of  lead.  On  decomposing- 
the  precipitate  under  water  with  hydrosulphuric  acid,  and  evaporating 
the  filtrate,  the  verdic  acid  remains  as  an  amorphous,  yellow,  brittle, 
and  acid  mass.  The  aqueous  solution  of  this  verdic  acid,  if  exposed 
to  the  air  without  being  mixed  with  ammonia,  does  not  undergo  any 
alteration,  but  if  ammonia  is  present,  the  solution  takes  up  oxygen 
and  turns  green ;  the  same  effect  is  produced,  in  a  less  degree  in 
presence  of  potash  or  soda.  The  green  compound  thus  formed,  is 
decolorised  by  contact  with  zinc-amalgam,  and  becomes  green  again 
by  contact  with  the  air.  From  the  green  solution,  acids  throw  down 
a  red-brown  precipitate,  which  dissolves  with  green  colour  in  the  fixed 
alkalis  and  in  ammonia.  —  The  salts  of  the  alkaline  earths  and  heavy 
metallic  oxides  form  white  precipitates  with  colourless  verdic  acid, 
dark  green  precipitates  with  the  green  variety.  Neutral  acetate  of 
lead  precipitates  the  former  yellow,  the  latter  blackish  green ;  this 
last  mentioned  lead-salt  contains  more  oxygen  than  the  yellow. 

Preparation  of  Caffetannic  Acid.  —  Coffee-beans  dried  at  60°  and 
pulverised  are  exhausted  with  ether,  which  takes  up  fat,  caffeine,  and 
a  small  quantity  of  caffetannic  acid ;  the  residual  powder  is  boiled 
with  alcohol  of  40  per  cent. ;  the  filtrate  is  mixed  with  twice  its  own 
bulk  of  water  ;  the  precipitated  fat-flocks  are  separated ;  the  liquid  is 
boiled ;  solution  of  neutral  acetate  of  lead  is  added  to  it ;  and  the 
whole  is  boiled  for  a  few  seconds,  which  causes  the  precipitate  to  con- 
tract, and  renders  it  easier  to  filter.  The  precipitate  is  washed  with 
water  containing  alcohol,  decomposed  imder  water  with  hydrosulphuric 
acid,  and  the  pale  yellow  filtrate  is  evaporated  over  the  water-bath 
(Rochleder).  • —  When  the  decoction  of  coffee-beans  is  mixed  in  separate 
portions  with  neutral  acetate  of  lead,  the  precipitate  first  formed  con- 
tains citric  acid,  the  latter  only  caffetannic  acid.  When  the  aqueous 
decoction  is  completely  precipitated  with  neutral  acetate  of  lead,  the 
precipitate  decomposed  with  hydrosulphuric  acid,  and  the  filtrate 
evaporated  to  a  syrup,  a  mixture  of  caffetannic  acid,  with  its  salts 
and  citric  acid,  is  obtained,  which  yields,  with  neutral  acetate  of 
lead,  a  lemon-yellow  precipitate,  containing  acetic  acid.  An  impure  lead- 
salt  of  this  kind  is  described  in  Ann.  Pharm.  63,  200  (Rochleder). 

See  also  the  preparation  of  viridic  acid  (p.  510),  and  that  of  the  lead-salts  (p.  510). 

When  Payen's  chlorogenate  of  caffeine  and  potash  (p.  509)  is  de- 
composed by  an  equivalent  quantity  of  sulphuric  acid,  and  the  solution 
mixed  with  pounded  marble  and  evaporated  to  dryness,  alcohol  extracts 
from  the  residue  acid  chlorogenate  of  caffeine,  the  acid  of  which  may 
be  precipitated  by  basic  acetate  of  lead.  In  like  manner,  by  precipi- 
tating the  alcohohc  solution  of  chlorogenate  of  caffeine  and  potash 
with  basic  acetate  of  lead,  or  by  triturating  the  salt  with  water  and 
oxide  of  lead,  chlorogenate  of  lead  is  obtained,  which,  in  the  latter 
case,  is  retained  in  solution  by  help  of  the  potash,  and  may  be  precipi- 
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tated  by  passing  carbonic  acid  into  the  liquid.  The  washed  lead-salt, 
decomposed  by  hydrosulphuric  acid,  yields  aqueous  chlorogenic  acid, 
which,  by  rapid  evaporation,  may  be  obtained  as  a  confused 
crj^stalline  mass.  This  acid  is  white  ;  separates  from  its  aqueous  solu- 
tion by  slow  evaporation  in  microscopic  prisms,  containing  56'0  p.  c.  C, 
5-6  H.,  and  38*4  0.,  agreeing  with  the  formula  C'*H^O^  (calc  56-7  p.  c  C, 
and  5*4  H.) ;  and  has  a  strong  acid  reaction.  When  heated,  it  melts, 
turns  yellow,  chars,  and  gives  off  a  brown  hquid.  Its  lead-salt  contains 
60  p.  c.  lead-oxide.  It  is  more  soluble  in  aqueous  than  in  absolute 
alcohol. 

Properties  of  Caffetannic  Acid.  —  Brittle  mass,  which  may  be  rubbed 
to  a  yellowish  white  powder;  has  a  slightly  sour  and  somewhat 
astringent  taste  (Rochleder). 


Rochleder. 

at  100^ 

mean. 

14  C 

84     

..     56-75     .. 

56-53 

8  H 

8     

...       5-41     .. 

5-54 

7  O 

....     56     

..     37-84     .. 

37-93 

C»H807... 

....  148     

..  100-00     .. 

100-00 

Rochleder  formerly  gave  the  formula  C^^H^O^,  which  requires  nearly  the  same 
numbers.  — For  Laurent's  formula,  see  Compt.  rend.  35,  161. 

Decompositions.  1.  When  caff e tannic  acid  is  subjected  to  dry  dis- 
tillation, the  melting  mass  swells  up,  and  gives  off,  first  water,  then  a 
yellowish  viscid  distillate,  smelling  like  carbohc  acid,  together  with 
oil-drops,  and  leaves  charcoal.  The  viscid  distillate,  collected  apart, 
solidifies  to  a  crystalline  mass  of  pyrocatechin.  The  acid  heated  on 
platinum  foil  gives  off  an  unpleasant  odour  of  acetic  acid,  burns  with  a 
bright  flame,  and  leaves  a  residue  of  charcoal.  Heated  in  a  glass  tube, 
it  emits  the  odour  of  burnt  coffee  (Rochleder).  —  2.  The  solution  in  oil 
of  vitriol  assumes  a  blood-red  colour  when  heated,  and  is  decolorised 
and  precipitated  by  water.  When  aqueous  caffetannic  acid  is  boiled 
for  several  hours  with  dilute  sulphuric  acid,  it  is  partially  oxidised  to 
viridic  acid  (p.  510),  but  remains  for  the  most  part  unaltered. — 
3.  Nit?'ic  acid  produces  in  the  concentrated  aqueous  solution  a  violent 
evolution  of  gas ;  dilute  nitric  acid  forms  prussic  acid  and  a  large 
quantity  of  oxalic  acid,  but  no  peculiar  acid  (Rochleder). 

4.  On  mixing  caffetannic  acid  with  a  concentrated  aqueous  solu- 
tion of  bichromate  of  potash,  the  liquid  acquires  a  darker  colour,  and 
deposits  flocks,  an  additional  quantity  of  which  is  thrown  down  by 
acetic  acid.  —  These  flocks,  after  drying  in  vacuo,  contain  33-34  p.  c.  C, 
4-27  H.,  41-61  0.,  and  20*78  Cr^O^  (or  a  quantity  of  chromic  acid  equivalent  to 
this  quantity  of  chromic  oxide)  corresponding  to  the  formula  C*2H^O^^,2Cr20' 
(Rochleder  &  Payr.). 

5.  In  contact  with  aqueous  ammonia,  caffetannic  acid  absorbs  oxygen, 
and  is  converted  into  viridic  acid  (p.  510).  Carbonic  acid  is  produced 
at  the  same  time  (Rochleder).  —  6.  Caffetannic  acid,  mixed  with 
potash-ley,  assumes  a  brown  colour  in  contact  with  the  air.  Alcohol 
precipitates  the  resulting  potash-salt,  partly  as  a  resin,  partly  as  a 
syrup,  which  dissolves  in  water,  after  the  slightly  coloured  spirit  has 
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been  poured  off.  From  this  solution,  after  it  has  been  neutralised  with 
acetic  acid,  neutral  acetate  of  lead  throws  down  a  brown  precipitate, 
whereas  a  green  precipitate  is  produced  if  the  solution  has  been  pre- 
viously^ boiled  (Rochleder).  When  a  moderately  concentrated  aqueous 
solution  of  caffetannic  acid  is  mixed  with  potash-ley  till  it  exhibits  an 
alkaline  reaction,  and  left  for  a  week  in  contact  with  the  air,  the  liquid, 
which  is  brown  after  the  potash  has  been  added,  acquires  a  darker 
colour,  and  becomes  opaque.  The  hght  brown  salt,  then  precipitated 
by  neutral  acetate  of  lead,  after  neutralisation  with  acetic  acid, 
contains,  on  the  average,  28-60  p.  c.  C,  2*08  H.,  18*10  0.,  and 
51-22  PbO.,  as  required  by  the  formula  4  (C^2H506,PbO)  +  2  C"H«0^3PbO. 
If  the  remainder  of  the  alkaUne  hquid  be  exposed  to  the  air  for 
another  8  days,  the  lead-precipitate  obtained  from  it  is  dark  brown, 
and  contains,  on  the  average,  21*33  p.  c.  C,  1*51  IL,  16*82  0.,  and 
60*34  PbO.  The  latter  precipitate  is  regarded  by  Liebich  as  a  mixture 
of  a  basic  and  a  neutral  salt  of  an  acid  containing  C^^H^O''',  according  to 
the  formula  5  (C^2H*0',2PbO)  +  C^^H^O^PbO  (G.  Liebich,  Ann.  Pharm. 
71,  57).  —  6.  The  aqueous  solution  of  caffetannic  acid  exposed  to  the 
air,  in  contact  with  bicarbonate  of  lime,  yields  viridic  acid,  and  a  black 
product  insoluble  in  acid  water,  which  forms  a  dark  violet  compound 
with  Hme  (Rochleder).  —  7.  From  a  moderately  dilute  solution  of 
nitrate  of  silver,  it  throws  down  a  precipitate  from  which  metallic  silver 
separates  on  heating  or  standing  (Rochleder). 

Combinations.  Caffetannic  acid  dissolves  readily  in  water,  and  is  not 
precipitated  by  alcohol  even  from  the  syrupy  solution.  It  dissolves  in 
oil  of  vitriol. 

Caffetannic  acid  dissolves  in  aqueous  ammonia,  with  yellow  colour, 
and  in  strong  potash-let/,  with  reddish  yellow  colour,  becoming  pale 
yellow  when  the  liquid  is  heated.  Its  compounds  with  baryta  and 
Ume  are  yellow,  and  quickly  turn  green  on  exposure  to  the  air,  unless 
the  acid  is  in  excess  (Rochleder.  vid.  sup.). 

Baryta-salt.  —  Concentrated  aqueous  caffetannic  acid  is  neutralised 
with  the  necessary  quantity  of  baryta-water;  an  equal  quantity  of 
caffetannic  acid  is  added  (since  the  neutral  salt  would  decompose) ;  the 
solution  is  evaporated  over  the  water-bath,  and  alcohol  added  by  small 
portions  towards  the  end  of  the  process.  As  soon  as  the  evaporation 
has  been  carried  so  far  that  a  drop  of  the  Hquid  placed  upon  a  cold 
glass  plate  becomes  milk-white,  or  throws  out  resinous  flocks,  the 
solution  is  strained  through  Hnen  into  a  warmed  glass,  a  few  flocks 
then  remaining.  The  filtrate,  on  cooling,  soUdifies  to  a  transparent 
colourless  jelly,  which  is  to  be  pressed  between  linen  and  paper,  and 
dried  at  100°.  Faintly  greyish  yellow,  earthy  mass,  containing 
46*29  p.  c.  C,  4*57  H.,  30*69  0.,  and  18*45  BaO  (Rochleder). 

When  baryta-water  in  excess  is  added  to  aqueous  caffetannic  acid, 
a  pale  yellow  precipitate  is  formed  if  the  excess  of  baryta  is  small, 
but  with  a  larger  excess,  an  orange-yellow  precipitate  is  formed,  which 
turns  green  and  brown  on  the  filter. 

Lead-salts.  —  The  lead-salts  of  caffetannic  acid  do  not  oxidise  so 
readily  in  contact  with  the  air;  nevertheless  they  exhibit  a  variable 
constitution,  and  cannot  be  heated  above  100°  without  change 
(Rochleder). 
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a.  When  the  alcohohc  decoction  of  coffee-beans,  after  being*  freed 
from  fat,  is  heated  to  the  boihng  point,  and  precipitated  with  solution 
of  neutral  acetate  of  lead,  the  resulting  yellow  precipitate,  washed  with 
alcohol  and  dried  at  100%  contains  25*28  p.  c.  C,  2*29  li.,  13-73  0., 
and  58-70  PbO  (Rochleder). 

h.  When  a  boiling-  aqueous  solution  of  neutral  acetate  of  lead  is 
precipitated  by  pouring  a  decoction  of  coffee-beans  into  it  by  small 
portions,  a  pale  yellow  gummy  precipitate  is  formed,  which,  after 
washingwith  alcohol  and  drying  at  100°,  contains  24*73  p.  c.  C,  2-41  H., 
15-49  0.,  and  57-37  PbO  (Rochleder). 

c.  From  a  concentrated  aqueous  solution  of  caffetannic  acid, 
aqueous  neutral  acetate  of  lead  throws  down  at  first  a  white  pre- 
ciptate,  which  becomes  yellow  when  more  acetate  of  lead  is  added. 
The  first  precipitate  melts  at  100°  to  a  green  oil,  which  then  solidifies 
to  a  brittle  resin,  and  contains  7  at.  acid  (according  to  Rochleder's  older 
formula  C^'^H^O")  to  4  at.  lead  oxide.  The  yellow  precipitate  contains 
42-44  p.  0.  C,  and  4-16  H.  —  By  precipitating  concentrated  aqueous 
caffetannic  acid  with  neutral  acetate  of  lead,  another  salt  was  once 
obtained,  containing  35-34  p.  c.  C,  and  40*25  PbO.  —  Another  lead- 
salt  accidentally  formed,  contained,  at  100°,  29-88  p.  c.  C,  2-43  II., 
1615  0.,  and  51-54  PbO.  (Rochleder.) 

d.  When  dried  coffee-beans  are  boiled 'with  alcohol  of  40°,  tlie 
filtrate,  while  still  hot,  precipitated  with  neutral  acetate  of  lead,  the 
precipitate  washed  with  alcohol,  and  decomposed  under  alcohol  with 
hydrosulphuric  acid,  and  the  filtrate,  after  being  freed  from  hydrosul- 
phuric  acid,  poured  into  an  excess  of  alcoholic  neutral  acetate  of  lead, 
the  resultmg  precipitate  dried  at  100°,  contains  25-00  p.  c.  C,  2-4  II,, 
16-89  0.,  and  85-87  PbO.,  answering  to  the  formula  C^^iP^O^^SPbO,  or 
3C^*H«0',5PbO.  (Rochleder.) 

e.  AVhen  an  extract  of  coffee-beans,  prepared  with  cold  aqueous 
alcohol  is  precipitated  with  neutral  acetate  of  lead,  the  precipitate 
decomposed  under  water  by  hydrosulphuric  acid,  the  filtrate  evaporated 
to  a  syrup,  this  syrup  precipitated  with  absolute  alcohol  and  filtered, 
the  filtrate  evaporated,  and  the  residue  dissolved  in  water,  and  freed 
from  fat  by  addition]  of  a  few  drops  of  neutral  acetate  of  lead, — the 
filtrate,  poured  into  an  excess  of  aqueous  neutral  acetate  of  lead,  forms 
a  precipitate  which,  after  washing  with  cold  water,  becomes  greenish 
at  100°.  This  precipitate  contains,  on  the  average,  28-32  p.  c.  C, 
2-58  H.,  19-01  0.,  and  50*09  PbO.,  and  is,  therefore,  C«fP*02S4PbO  or 
3C^*H^O',4PbO.  (Rochleder.) 

/.  From  the  alcoholic  decoction  of  the  bark  of  cainca-root,  alcoholic 
neutral  acetate  of  lead  throws  down  a  precipitate  which  contains 
small  quantities  of  caincin  and  mineral  acids,  and  when  decomposed 
by  hydrosulphuric  acid,  and  several  times  fractionally  precipitated  by 
neutral  acetate  of  lead,  yields  caffetannate  of  lead  containing 
40-83  p.  c.  C,  4*11  H.,  29*40  0.,  and  25*66  p.  c.  PbO.  (Rochleder  k 
niasiwetz,   Wien.  Akad.  Ber.  5,  6.) 

g.  The  lead-salt  of  caffetannic  acid  from  Ilex  paraguayensis  contains 
22-84  p.  c.  C,  2*20  H.,  19*64  0.,  and  59*32  PbO.,  answering  to  the 
formula  C^*IPO',2PbO.  It  is  obtained  by  exhausting  the  bruised  herb 
with  alcohol  of  40°,  mixing  the  filtrate  with  alcoholic  neutral  acetate 
of  lead,  removing  the  precipitate  as  long  as  it  does  not  exhibit  a  pure 
yellow  colour,  and  completely  precipitating  the  filtrate.  The  last 
precipitate  is  washed  with  alcohol,  and   decomposed  under  alcohol 
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with  liydrosulpliuric  acid  ;  the  filtrate,  after  being  freed  from  sulphide 
of  lead  and  excess  of  hydrosulphuric  acid,  is  reprecipitated  with 
alcoholic  neutral  acetate  of  lead  ;  and  the  precipitate  is  washed  with 
alcohol  and  dried  at  100°.  (Rochleder.) 

Aqueous  caffetannic  acid  does  not  precipitate  ferrous  sulphate,  but 
on  addition  of  ammonia,  an  almost  black  precipitate  is  formed,  which 
dissolves  in  acetic  acid  with  bottle-green  colour.  The  precipitate 
contains  variable  quantities  of  protoxide  of  iron;  the  carbon  and 
hydrogen  are  in  the  same  proportion  as  in  free  caffetannic  acid. 
(Rochleder.)  Aqueous  caffetannic  acid  forms  a  dark-green  precipitate 
with  ferric  chloride. 

Caffetannate  of  Copper  is  obtained  from  an  acid  solution  as  a  grey 
salt  of  variable  composition,  which,  so  long  as  it  remains  moist,  melts 
at  100°  to  a  green  resin,  and  dissolves  with  green  colour  in  water 
containing  a  little  ammonia,  with  blue  colour  when  more  ammonia  is 
present.     The  basic  copper-salts  are  green.  (Rochleder.) 

Caffetannic  acid  dissolves  in  all  proportions  iu  alcohol,  even  when 
absolute. 

Chlorogenate  of  Caffeine  and  Potash. — See  page  5 04.  —  AVhen  coffee 
powder  exhausted  with  ether  is  treated  with  alcohol  of  60  p.  c,  the 
solution  evaporated  to  a  syrup,  and  this  syrup  mixed  with  three  times 
its  volume  of  alcohol  of  85  p.  c,  the  hquid  separates  into  two  layers, 
the  upper,  which  is  mobile,  contaming  the  greater  part  of  the  chloro- 
genate of  caffeine  and  potash.  The  remaining  quantity  of  this  salt 
may  be  obtained  by  dissolving  the  lower  viscid  layer  in  a  small 
quantity  of  water,  mixing  it  with  alcohol,  and  pouring  off  the  alcoholic 
solution.  The  united  alcoholic  solutions  are  evaporated  to  a  syrup ; 
this  syrup  is  mixed  with  a  little  alcohol,  and  left  to  crystallise ;  and 
the  product  is  purified  by  washing  and  recrystalHsation  from  weak 
spirit. 

Radiate  prisms,  united  in  spheroidal  groups.  The  salt  dried  at 
100°  becomes  electric  by  trituration  on  the  still  warm  paper,  and 
attaches  itself  in  long  flakes  to  a  knife  held  above  it.  —  It  contains 
50-74  p.  c.  C,  5-38  H.,  9-12  N.,  and  7-50  KO.,  or  63-5  chlorogenic  acid, 
29'0  caffeine,  and  7*5  potash.  — It  does  not  change  at  150°,  but  melts 
at  185°  to  a  yellow  mass,  which  swells  up  to  five  times  its  original 
volume,  but  remains  solid  and  friable.  At  200°  it  decomposes,  turns 
brown,  and  gives  off  vapours  which  ^condense  to  crystals  of  caffeine ; 
when  further  heated,  it  melts  again,  gives  off  a  large  quantity  of 
ammonia,  swells  up  to  twenty  times  its  original  bulk,  and  leaves  a 
very  fight  iridescent  charcoal.  The  aqueous  solution,  when  exposed 
to  the  air,  turns  yellow  and  afterwards  greenish-brown.  It  is  not 
altered  by  nitrate  of  silver,  but  becomes  yellowish-brown  on  addition 
of  a  small  quantity  of  ammonia.  The  mixture,  after  standing  for 
some  time,  ^becomes  turbid  from  separation  of  metallic  silver.  When 
the  aqueous  solution  is  mixed  with  a  few  drops  of  ammonia,  and 
exposed  to  the  air  in  a  shallow  dish,  the  water  and  ammonia  being 
frequently  renewed,  it  assumes,  in  the  course  of  24  hours,  first  a 
yellow,  then  a  green  and  blue-green,  and  ultimately  a  brown  colour. 
If  it  be  evaporated  to  dryness  after  20  or  30  days,  anhydrous  alcohol 
extracts  caffeine  from  the  dark  brown  residue.  —  Oil  of  vitriol,  heated 
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with  the  salt,  colours  it  dark  violet;  hydrochloric  acid  acts  in  a 
similar  manner,  whereas  nitric  acid  produces  an  orange-yellow  colora- 
tion. The  crystals,  gently  heated  with  lumps  of  potash,  assume  a 
scarlet  or  orange-red  colour ;  and  at  a  stronger  heat,  the  mass  melts, 
turns  brown,  gives  off  a  large  quantity  of  ammonia,  and  decomposes. — 
On  the  preparation  of  chlorogenic  acid  from  chlorogenate  of  caffeine  and  potash,  see 
page  505. 

Chlorogenate  of  caffeine  and  potash  is  very  soluble  in  water,  the 
the  hot  saturated  solution  solidifies  on  cooling.  For  the  decompositions  of 
the  aqueous  solution,  see  page  509.— It  forms  a  greenish-yellow  precipitate 
with  neutral  acetate  of  lead,  and  from  the  basic  acetate  it  throws 
down  flocks  of  a  pure  yellow  colour.  —  In  absolute  alcohol  it  is  nearly 
insoluble  even  when  heated ;  in  ordinary  alcohol  it  dissolves  more 
abundantly  as  the  proportion  of  water  is  greater,  and  crystalhses  from 
the  solution  on  coolmg.  (Payen.) 


Viridic  Acid. 

RocHLEDER.     Ann.  PJiarm,  63,   193. —  Wien.  Akad.  Ber.  1,  227;  Ann. 
Pharm.  66,  38. 

Produced  from  caffetannic  acid  by  oxidation  in  presence  of  aqueous 
ammonia  (p.  506)  (Rochleder);  under  the  same  influences  from 
quinovatannic  acid  (p.  485)  (Hlasiwetz). 

Preparation. — 1 .  When  the  alcoholic  decoction  of  dried  and  pulverised 
coffee-beans  is  mixed  with  water  to  separate  fat,  the  filtrate  heated  to 
the  boihng  point  with  neutral  acetate  of  lead,  and  the  precipitate 
decomposed  under  water  with  hydrosulphuric  acid,  aqueous  caffetannic 
acid  is  obtained,  which,  when  supersaturated  with  ammonia,  assumes 
a  colour  varying  from  dark  yellow  to  red  brown,  and  changing  in  con- 
tact with  the  air  to  greenish  yellow,  and  after  36  hours,  to  blue-green. 
To  prepare  viridic  acid,  the  blue-green  Hquid  is  mixed  with  excess  of 
acetic  acid,  then  with  alcohol,  which  throws  down  black  flocks,  of  a 
compound  similar  to  metagallic  acid,  which  is  formed  at  the  same  time 
[but  not  necessarily,  according  to  Rochleder  {Wien.  Akad.  Ber.  1,  227),]  —  the 
liquid  is  then  filtered,  and  the  brown  filtrate  precipitated  with  neutral 
acetate  of  lead.  —  2.  When  the  aqueous  extract  of  coffee-beans,  pre- 
viously exhausted  with  alcohol,  is  precipitated  at  the  boiling  heat  with 
neutral  acetate  of  lead,  —  the  yellow  precipitate  decomposed  under 
alcohol  with  hydrosulphuric  acid,  and  the  filtrate,  after  being  freed 
from  excess  of  hydrosulphuric  acid,  supersaturated  with  ammonia, 
exposed  to  the  air  for  24  hours — and  then  mixed  with  2  vol.  alcohol 
of  40°,  a  greenish-blue  precipitate  is  formed,  which,  when  washed 
with  alcohol  containing  acetic  acid,  then  dissolved  in  acetic  acid  and 
precipitated  with  neutral  acetate  of  lead,  yields  viridate  of  lead. 

By  decomposing  the  lead-salt  with  aqueous  hydrosulphuric  acid, 
and  removing  the  sulphide  of  lead,  aqueous  viridic  acid  is  obtained 
as  a  brown  hquid,  which,  when  evaporated,  leaves  a  brown  amorphous 
mass.  This  substance  dissolves  easily  in  water,  with  fine  carmine 
colour  in  oil  of  vitriol,  and  is  precipitated  therefrom  in  blue  flocks  by 
water. 
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Aqueous  viridic  add  assumes  a  dark  green  colour  when  mixed  with 
ammonia,  potash  or  soda.  Baryta-water  precipitates  it  in  blue-green 
flocks,  which,  after  washing  with  alcohol  and  drymg  at  100°,  contain 
43-15  p.  c,  baryta,  as  required  by  the  formula  C'*H«0^2BaO  (calc 
43-46  p.  c.  BaO).  ^       ' 


Lead-salt 
precipitate. 

a.  at  100^ 

14  C    32-61 

6  H  2-33 

7  O  21-75 

PbO  43-31 


For  the  preparation,  page  510.     Green-blue  or  indigo-blue 


Rochleder.  J.  at  100°.               Rochleder* 

..     31-77  14  C    31-51  ....     31-37 

..       2-33  7  H  2-63  ,..       2-81 

..     21-15  8  O  24-01  ....     23-95 

..     44-75  PbO  41-85  ....     41-87 


C»H607,PbO  ....  100-00     ....  100-00 
a,  prepared  by  1  ;  5,  by  2. 


C14H703  PbO  ....  100-00 


100-00 


Cuprous  Viridate.  —  From  the  mixed  solutions  of  cupric  acetate  and 
quinovatannic  acid  (p.  485),  alcohol  throws  down  dirty  green  flocks, 
which  dissolve  in  boiHng  water :  potash  added  to  the  cooled  solution 
throws  down  cuprous  hydrate.  These  green  flocks  consist  of  cuprous 
viridate  (Illasiwetz,  Wien.  ATcad,  Ber.  6,  271). 


at  100°. 

56  C 336     , 

34  H 34     . 

39  O 312     . 

2  Cu   64     . 


HIasiwetz. 
45-07     44-73 

4-56     4-77 

41-86     41-83 

8-51     8-67 


4Ci4H809,Cu20  +  2aq 746     ....  lOO'OO     100-00 

HIasiwetz  examined  also  another  copper-salt,  the  composition  of 
which  approximated  to  the  formula  2Ci*H«0^Cu20,H0. 


F. — Isolated  Tannic  Acids  (arranged  Alphabetically). 

1,  Anacahuita-tannic  Acid. 

L.  MiJLLER.     Phdrm.  Viertelj.  10,  519. 

Found  in  anacahuita-wood,  a  Mexican  drug.  —  It  is  obtained  as  a 
lead-salt  from  the  decoction  of  the  wood  or  the  bark,  by  precipitation 
with  neutral  acetate  of  lead,  and  purified  by  dissolving  it  in  acetic  acid, 
and  precipitating  the  filtrate  with  ammonia.  The  lead-salt  dried  at 
100°,  contains,  on  the  average,  18-72  p.  c.  carbon,  2-41  hydrogen, 
15*70  oxygen,  and  63'17  protoxide  of  lead,  answering  to  the  formula 
C^®H^^O^°,3PbO.  —  The  aqueous  solution  of  the  tannic  acid,  separated 
from  the  lead-salt  by  hydrosulphuric  acid,  has  a  rough  and  somewhat 
bitter  taste,  forms  a  greenish  black  precipitate  with  ferric  chloride,  and 

iown  with  solution  of  gelatin. 
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2.  Aspertannic  Acid. 

R.  ScHWARZ.  Wien.  Ahad.  Ber.  G,  446  ;  J.  pr.  Chem.  55,  398  ;  abstr. 
A7in.  Pharm.  80,  334;  Pharm.  Centr.  1851,  929;  Chem,  Gaz.  1852, 
61;  Lieh.  Kopp.  Jahresher.  1851,  417. 

Occurrence.  In  the  herb  of  Asperula  odorata  (Schwarz).  — According 
to  Yielguth  (who,  however,  did  not  compare  the  true  aspertannic  acid 
with  that  which  he  obtained),  it  occurs  also  in  the  herb  of  Galium 
Mollugo  (see  below). 

Preparation.  1.  The  alcohohc  extract  of  the  herb  is  distilled  to  expel 
the  alcohol ;  the  residue  is  mixed  with  water ;  the  filtrate  precipitated 
with  neutral  acetate  of  lead ;  the  washed  precipitate  is  dissolved  in 
dilute  acetic  acid ;  the  filtered  solution  is  mixed  with  absolute  alcohol 
till  grey  flocks  are  precipitated  ;  these  are  removed ;  and  the  filtrate  is 
completely  precipitated  with  absolute  alcohol :  the  precipitate  consists 
of  the  lead-salt  a.  — If  the  filtrate  be  precipitated  with  basic  acetate 
of  lead, — the  precipitate  washed  with  alcohol,  decomposed  with  hydro- 
sulphuric  acid  and  alcohol,  and  the  solution,  freed  from  sulphide  of 
lead  and  hydros ulphuric  acid,  be  mixed  with  neutral  acetate  of  lead, — 
a  precipitate  is  obtained,  consisting  of  the  salt  h.  —  2.  The  aqueous 
decoction  of  the  herb  is  precipitated  with  neutral  acetate  of  lead,  the 
washed  precipitate  is  dissolved  in  acetic  acid ;  and  the  salt  c  is  precipi- 
tated partly  from  the  solution  by  basic  acetate  of  lead,  partly  from  the 
liquid  filtered  therefrom,  by  the  neutral  acetate. 

The  acid  is  separated  from  the  lead-salts  by  decomposing  them 
with  hydrosulphuric  acid,  and  evaporating  the  filtrate  in  a  stream  of 
carbonic  acid. 

Properties.  Inodorous  mass,  having  a  faint  brown  colour.  Very 
hygroscopic. 

at  100°.  R.  Schwarz. 

14  C 84     50-90  51-08 

9  H 9     5-43  5-19 

9  0 72     43-65  43-73 


Ci4H808,HO  165     100-00     lOO'OO 

So  according  to  Schwarz.  —  According  to  Laurent,  it  is  perhaps  C^ohsgqsg  _ 
2C14H10O10  (rubichloric  acid)  +  C}m^'-0^^  -  6H0  {Compt.  rend.  35,  161). 

Decompositions.  When  the  acid,  neutrahsed  with  potash  and 
thereby  coloured  brown-red,  is  exposed  to  the  air,  it  takes  up  oxygen, 
becomes  darker,  and  ultimately  black-brown  and  opaque.  If  then 
mixed  with  acetic  acid  and  neutral  acetate  of  lead,  separated  by 
filtration  from  the  slight  red-brown  precipitate  thereby  formed,  and 
further  precipitated  with  basic  acetate  of  lead,  it  yields  a  red-grey 
lead-salt,  which,  after  washing  with  alcohol  and  drying  at  100"*,  con- 
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tains  8-G9  p.  c.  C,  0-83  IT.,  8-48  0.,  and  82PbO,  therefore,  accordino: 
to  Schwarz,  =  C3siP»0^18PbO  or  =  3C^2IP0^5HO,18PbO.  —  The 
!^Tcen  solution  of  cupric  carbonate  in  aqueous  aspertannic  acid  forms, 
with  alcohol,  a  green  precipitate,  which,  after  washing  with  alcohol 
and  drying  at  100°,  contains  33*98  p.  c.  cuprous  oxide,  and  after 
deduction  of  this,  38-88  p.  c.  C,  5*43  H.,  and  55-69  0. :  hence  Schwarz 
supposes  that  the  oxidised  tannic  acid  in  the  green  precipitate  = 
C"irO^°,oHO  (calc.  38-88  C,  5'55  H.,  and  55-57  O.).^  Nitrate  of  silver  oxidises 
aspertannic  acid,  with  separation  of  metallic  silver.  —  Aspertannic  acid 
is  decomposed  by  boiling  with  dilute  hjdrochloric  or  sulphuric  acid.  If  the 
neutralised  solution  be  boiled  till  it  no  longer  alters  the  colour  of  ferric 
chloride,  the  whole  of  the  sulphuric  acid  then  precipitated  with  basic  ace- 
tate of  lead,  and  more  of  that  reagent  added  to  the  filtrate,  a  light  yellow 
precipitate  is  formed,  which,  when  washed  with  alcohol  and  dried  at  100°, 
mtains  23-06  p.  c,  C,  1-48  II.,  10-52  0.,  and  64-94  PbO.,  and,  accord- 
to  Schwarz,  may  be  represented  by  the  formula  C^°II"02S9PbO  or 
;j(J^2Ii:404JIO,9PbO    (calc.  23-11  C,  1-34  H.,  10-91  O.,  and  64-64  PbO). 

Aspertannic  acid  dissolves  very  easily  in  loater,  —  It  does  not  pre- 
cipitate tartar-emetic. 

Aspertannate  of  Lead.  —  Preparation,  see  above.     The    salts   must   be 
dried  at  100°,  at  which  temperature  they  do  not  turn  green. 

a.  b. 

56  C  25-79  25-85     28  C  26-34  26-23 

33  H  2-53  2-50     15  H  2-35  2*48 

33  O    20-29     20-68             15  O  18-83  18-90 

6  PbO    ....     51-39     50-97  3  PbO  ....  52-48  52-39 

100-00     100-00  100-00     100-00 

c.  Schwarz. 

56  C  20-86  20-69 

30  H 1-86  1-83 

30  O 14-99  15-47 

9  PbO 62-29  62-01 


100-00     100-00 

Stthwarz  resolves  these  formulae  as  follows:  fl  into  4C"H^O^,6  PbO +  aq. ;  i  into 
2Ci^H'Os3PbO  +  aq.;  c  into  4Ci^H'0',3PbO -i  2aq. 

Aspertannic  acid  forms  a  dark  green  precipitate  with  aqueous  ferric 
chloride.  —  It  is  insoluble  in  alcohol^  sparingly  soluble  in  ether,  and  does 
not  precipitate  luhiteof  egg  or  solution  of  gelatin. 

Aspertannic  Acid  from  Galium  Mollugo.  —  Obtained  as  a  lead-salt 
from  the  aqueous  decoction  of  the  herb,  by  precipitating  with  neutral 
acetate  of  lead,  dissolving  the  precipitate  in  acetic  acid,  and  precipi- 
tating the  filtrate  with  ammonia.  —  The  acid  separated  from  the  lead- 
salt  by  hydrosulphuric  acid  has  a  shght  brownish  yellow  colour,  is  in- 
odorous, and  has  a  slightly  sour,  astringent  taste.  It  precipitates/emc 
chloride  dark  green,  and  is  but  partially  precipitated  by  neutral  acetate 
of  lead ;  completely  by  the  basic  acetate.  —  The  lead-salt,  dried  at  110°, 
contains,  on  the  average,  21-71  p.  c.  C,  2-23  H.,  17-93  0.,  and  58*13 
PbO,  answering  to  the  formula  4PbO,  2C'*IP0SII0  (calc.  21-89  C,  2-21  H., 
17-72  O.,  and  58-18  PbO).     (Vielguth,  Pharm.  Viertelj.  5,  193). 

VOL.    XV.  2   L 
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3.  Atherospermatannic  Acid, 

Zeyer.    Pharm,  Viertelj.  10,  511. 

In  the  bark  of  Atherospe?ina  moschatum,  a  South  American  drug.  — 
The  decoction  of  the  bark  clarified  by  several  days'  rest  is  precipitated 
with  neutral  acetate  of  lead,  the  washed  precipitate  is  dissolved  in 
acetic  acid,  and  the  filtrate  is  precipitated  by  ammonia.  The  lead-salt 
thus  prepared,  and  dried  at  100°,  contains,  on  the  average,  31'39  p.  c.  C, 
3-67H.,  8-05  0.,  and  56-89  PbO.,  answering  to  the  formula  C*°ff *OS2PbO. 
If  the  dirty  yellow  precipitate  formed  in  the  aqueous  extract  of  the 
bark  by  neutral  acetate  of  lead  be  decomposed  under  water  by  hydro- 
sulphuric  acid,  the  light  yellow  filtrate  exhibits  an  acid  reaction,  tastes 
slightly  astringent,  turns  ferric  chloride  green,  and  is  precipitated  in 
flocks  bv  excess  of  lime-water. 


4.  Callutannic  Acid. 

KoCHLEDER.     Wien.  AJcad.  Ber.  9,  286 ;  J.  pr.   Chem.  58,   189 ;  Ann, 
Pharm.  84,  354  ;  Pharm.  Centr,  1852,  756  ;  Chem.  Gaz.  1852,  466. 

Occurs  in  Calluna  vulgaris. 

Preparation.  The  alcoholic  docoction  of  the  comminuted  plants  is 
freed  from  alcohol  by  distillation  ;  the  residue  is  mixed  with  water ; 
the  filtrate  is  precipitated  with  neutral  acetate  of  lead ;  the  washed 
precipitate  is  treated  with  very  dilute  acetic  acid ;  and  the  filtered 
solution  is  precipitated  at  the  boiling  heat  with  basic  acetate  of  lead, 
whereby  a  chrome-yellow  precipitate  of  callutannate  of  lead  is  pro- 
duced. On  decomposing  this  precipitate  under  water  with  hydro- 
sulphuric  acid,  heating  the  Hquid  together  with  the  sulphide  of  lead  to 
the  boiling  point,  and  evaporating  the  filtrate  over  a  chloride-of-calcium 
bath  in  a  stream  of  carbonic  acid,  callutannic  acid  remains  behind,  and 
may  be  diied  in  vacuo  over  oil  of  vitriol. 

Amber-yellow,  inodorous  mass. 


14  C 

84    ... 

...     51-53     .. 
....      4-30     .. 
....     44-17     .. 

Rochleder. 
....     51-69 

7  H 

9  O 

7    ... 

72     ... 

4-58 

43-73 

C^^H^O^ 

163     ... 

....  100-00     .. 

100-00 

Callutannic  acid  reduces  nitrate  of  silver. — Its  aqueous  solution  heated 
with  mineral  acids,  assumes  a  reddish  yellow  colour,  and  yields  yellow 
flocks  of  Calluxanthin,  which,  after  drying  at  100°,  contains  58*07  p.  c.  C, 
3-77  H.,  and  38-16  0.  (Om^O^  =  57-93  p.  c,  C,  3-45  H.,  and  38-62  O.),  and, 
according  to  Rochleder,  is  produced  from  callutannic  acid  by  elimina- 
tion of  2  at.  water.    The  alkaline  solution  of  this  substance  readily 
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absorbs  oxygen,  and  is  then  precipitated  in  red-brown  flocks  by  acids. 
It  is  soluble  in  alcohol. 

Stannic  Callutannate.  —  Warm  aqueous  callutannic  acid  added  to  a 
solution  of  stannic  hydrochlorate,  throws  down  a  beautiful  egg-yellow 
precipitate,  soluble  in  excess  of  the  tin-salt. 


at  100°. 

28  C 168     . 

16  H 16     . 

20  O 160     . 

7  Sn02    525     . 


Rochleder. 

19-33     19-20 

1-84     2-37 

18-42     18-40 

60-41     60-03 


2C"H608  7SnO'  +  4HO 


869 


100-00     100-00 


Callutannate  of  Lead.  • 
position. 

a.  at  100°. 


Preparation,  p.  514.    Obtained  by  double  decom- 


Rochleder. 


b.  at  100'= 


Rochleder. 


28 

C    

..     19-18     . 

..     19-01 

42 

C    

..     18-34     . 

..     18-21 

13 

H  

..       1-48     . 

..       1-68 

20 

H  

..       1-45     . 

..       1-55 

17  0    

..     15-54     . 

..     15-37 

26 

0   

..     15-15     . 

..     15-07 

5 

PbO  .. 

..     63-80     . 

..     63-94 

8  PbO  .. 

..     65-06     . 

..     65-17 

100-00     . 

..  100-00 

100-00     . 

..  100-00 

Rochleder  resolves  the  formula  a  into  2C"H608,5PbO  +  aq.  ;'i  into  ZC^^IAPO^, 
6PbO  +-  2aq. 

Callutannic  acid  colours  ferric  salts  green.  —  Aqueous  callutannic 
acid,  heated  to  the  boihng  point  with  stannic  hj'drochlorate  and  a 
small  quantity  of  hydrochloric  acid,  dyes  woollen  cloth  mordanted  with 
alum,  sulphur-yellow  to  orange. 


5.  Catechutannic  Acid. 

Nees  v.  Esenbeck.     Repert.  33,  1G9  ;  43,  340. 
Berzelius.     Lehrhuch^  3  Aufl.  6,  250. 
Delffs.     Jahrh.  pr.  Pharni.  12,  164. 
Stenhouse.     Ann.  Pharm.  45,  18. 
Strecker.     Ann.  Pharm.  90,  375. 
Neubauer.     Ann.  Pharm.  96,  337. 

Regarded  as  a  distinct  substance  by  Nees  v.  Esenbeck  and 
Berzelius,  but  not  known  in  the  pure  state.  —  Occurs  in  catechu,  an 
extract  prepared  by  boiling  the  wood  of  Acacia  Catechu  and  Uncaria 
Gamhir.  On  catechu,  see  also  the  latest  statements  of  Sacc  {Compt.  rend.  53,  1102), 
which,  however,  are  in  opposition  to  those  of  Neubauer. 

Catechutannic  acid  is  a  product  of  the  decomposition  of  catechin 
(xii,  387),  not  the  substance  from  which  the  latter  is  formed.  If,  as 
Berzelius  recommends,  a  very  concentrated  aqueous  extract  of  catechu, 
prepared  in  the  cold,  be  mixed  with  strong  sulphuric  acid,  only  a  small 
yellowish  precipitate  is  obtained,  which  cannot  be  separated  by 
filtration ;  and  as  sulphuric  acid  likewise  precipitates  catechin  from 
aqueous  extracts  prepared  with  aid  of  heat,  it  follows  that  Berzelius 

2  L  J 
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mist  havo  e:jcamined  a  mixture  of  catecliin  and  cateclintaniiic  acid 
(Neiibauer).  —  VVlien  (according  to  Berzelius  and  DeliTs)  finely  pul- 
verised Bombay  catechu  is  exhausted  with  ether,  the  ethereal  extract 
does  not  separate  into  two  layers  ;  but,  by  evaporation  in  vacuo,  or 
over  the  water-bath,  a  brownish  mass  is  obtained  resembling  gallo- 
tannic  acid.  This  mass,  dissolved  in  a  small  quantity  of  water, 
evaporated  over  the  water-bath  till  the  ether  evaporates,  and  separated 
by  filtration  from  green  flocks,  deposits  needles  of  catechin,  which 
substance  is  not  produced,  as  Delffs  supposes,  from  the  catechutannic 
acid,  but  exists  ready  formed  in  the  extract. 

On  agitating  an  ethereal  extract  of  catechu  with  water,  separating 
the  ethereal  solution,  evaporating  it  to  dryness,  dissolving  the  residue  in 
water,  and  leaving  tlie  catechin  to  crystallise  out,  a  mother-liquor  is 
left,  containing  catechutannic  acid  in  the  highest  degree  of  purity 
attainable.  If  this  liquid  be  precipitated  with  sulphuric  acid,  the  pre- 
cipitate washed  to  a  certain  extent  with  sulphuric  acid,  then  pressed 
and  boiled  for  several  hours  with  dilute  sulphuric  acid,  it  dissolves  at 
first,  and  then  deposits  brown  flocks,  till  at  length  the  solution  retains 
only  a  faint  red  tint.  At  this  stage  no  sugar  can  be  detected  in  the 
solution  (Neubauer).  Strecker  believes  that  he  obtained  sugar  in  this 
manner. 

When  aqueous  catechin,  which  does  not  precipitate  solution  of 
gelatin,  is  boiled  for  three  hours  in  an  open  dish,  the  solution  acquires 
a  yellowish  brown  colour,  and  becomes  turbid.  If  it  be  then  evaporated 
to  dryness,  and  the  residue  taken  up  with  water,  the  solution  then 
forms  a  very  copious  precipitate  with  gelatin ;  nevertheless,  the 
catechin  is  not  completely  converted  into  catechutannic  acid.  (Neu- 
bauer ;  see  also  xii,  390). 

Stenhouse's  catechutannic  acid  is  insoluble  in  water,  whether  cold 
or  boiling,  also  in  alcohol  and  ether,  and  only  partially  soluble  in 
alkaline  liquids.  It  is  precipitated  by  sulphuric  acid,  coloured  dark 
brown  by  boiling  dilute  sulphuric  acid,  and  precipitates  iron-salts  olive- 
brown.  It  does  not  yield  either  pyrocatechiu  or  pyrogallic  acid  by  dry 
distillation.  Delffs'  catechutannic  acid  (contaminated  with  catechin) 
deliquesces  to  a  syrup  with  water ;  it  decomposes  quickly  when  dis- 
solved in  alkahs ;  forms  with  bichromate  of  potash  a  brown  precipitate 
insoluble  in  ether,  with  ferric  salts  a  dirty  green  precipitate,  and  is 
completely  precipitated  by  solution  of  gelatin. 


6.  Cissotannic  Acid. 

WiTTSTEiN.      Repert.   lOG,  317;    Pharm.   Cenfr.   1847,    791.  — Pharm. 
Viertelj.  2,  161. 

The  colouring  matter  of  the  leaves  of  Vitis  hederacea  reddened  in 
autumn. 

Preparation.  The  leaves  gathered  in  August  are  digested  for 
24  hours  with  alcohol  of  80  per  cent.,  the  tincture  is  separated  from 
the  leaves  by  pressure,  filtered,  mixed  with  \  water,  and  tlie  alcoliol 
distilled  off.     The  residue  evaporated  to  an  extract,  then  treated  with 
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cold  water,  yields  a  dark-red  solution,  whilst  a  crimson  powder, 
Wittsteiu's  altered  cissotannic  acid,  remains  behind.  On  filtering  the 
liquid  from  this  precipitate,  and  precipitating  the  filtrate  with  solution 
of  neutral  acetate  of  lead,  there  is  produced,  first  a  lighter-coloured, 
then  a  green,  and  finally  a  greenish  yellow  precipitate,  which,  when 
washed  with  water  (but  not  completely,  otherwise  it  will  decompose), 
forms  olive-green  cissotannate  of  lead  a.  —  If  the  liquid,  after  pre- 
cipitation with  neutral  acetate  of  lead,  be  mixed  with  acetic  acid  till 
the  grass-green  precipitate  has  again  acquired  a  lighter  colour,  and 
the  supernatant  hquid  has  become  reddish,  cissotannate  of  lead  h 
remains  undissolved,  whilst  the  filtrate,  after  standing  for  some  time, 
deposits  flocks,  and  after  these  are  removed,  yields,  with  neutral 
acetate  of  lead,  the  olive-green  lead-salt  c. 


Le 

120  C 

75  H 

ad-salt, 
a. 

25-67 

2-67 

0-50 

27-38 

43-78 

Wittstein. 
....     25-98 
...       2-40 
....       0-50 
...     27-77 
...     43-35 

Lead-si 
b. 

120  C 

75  H 

lit. 

32-05 

3-34 

0-62 
34-18     . 
29-81 

Wittstein. 
...     31-17 
3-01 

N 

96  O 

11  PbO.. 

N 

96  0 

6  PbO.. 

...       0-61 
...     34-56 
...     30-65 

100-00 


100-00 


100-00 


100-00 


The  nitrogen  is  present  as  ammonia  —  a  =  llVhO,6C^'^W-0^^  +  'N¥l^ ;  b  = 
6(PbO,C20Hi2Oi6)  +  NH3j  c  contains  from  36-4  to  37-5  p.  c.  lead^oxide.  So  accord- 
ing to  Wittstein. 

Insoluble  or  unaltei'ed  Cissotannic  Acid. — The  portion  of  the  alcoholic 
extract  obtained  in  the  preparation  of  cissotannic  acid,  which  is  insoluble 
in  water. 

Dense,  dark-brown,  shining,  non-friable  mass,  having  a  slightly 
bitter,  astringent  taste. 


156  C    

....     56-25     .. 

Wittstein. 
mean;  at  110°. 
55-91 

90  H    

....       5-41     .. 

....       0-84     .. 
....     37-50     .. 

5*41 

N    

0-84 

78  O    

37-84 

C156H90NO78  .... 

...  100-00     .. 

100-00 

=  3(C52H2802',3HO)  +  NH'.  Contains  the  nitrogen  as  ammonia,  and  0-31  p.  c.  ash, 
which  has  not  been  deducted.     (Wittstein.) 

Chars  quietly  when  heated.  —  Dissolves  with  dark  brown-yellow 
colour,  in  ammoiiia,  and  is  precipitated  therefrom  by  acids. 

Lead-compounds. — a.  By  precipitating  the  dilute  alcoholic  solution 
with  neutral  acetate  of  lead.  Olive-green,  pitch-black  after  drying. 
—  b.  By  precipitating  the  alcoholic  solution  with  an  insufficient 
quantity  of  neutral  acetate  of  lead,  treating  the  precipitate  with  a 
small  quantity  of  acetic  acid,  then  washing  and  drying  the  undissolved 
matter,     a  contains  36-91,  b  16-95  p.  c.  lead-oxide.  (Wittstein.) 

Altered  cissotannic  acid  forms  a  dark-green  precipitate,  with  an 
alcoholic  solution  of  Jerric  chloride ;  flocculent  precipitates  with  tartar- 
emetic  and  gelatin-solution. 

In  alcohol  of  60  —  80  p.  c.  it  dissolves  easily  and  with  blood-red 
colour. 
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7.  Cocatannic  Acid. 

Alb.  Niemann.     Dissert,  uber  eine  Base  in  den  Cocablattern,     Gottingen, 
1860. 

Observed  by  Wackenroder  (N.  Br,  Arch.  75,  26),  and  Gaedeke  IN.  Br.  Arch. 
82,141).  ^ 

When  coca-leaves  are  exhausted  with  alcohol  containing  sulphuric 
acid,  for  the  preparation  of  cocaine,  the  tincture  digested  with  hydrate 
of  Hme  and  filtered,  the  filtrate  neutrahsed  with  sulphuric  acid,  and 
the  alcohol  distilled  off,  carbonate  of  soda  throws  down  the  cocaine, 
which  may  be  removed  by  shaking  up  the  alcohohc  solution  with 
ether,  the  cocatannic  acid  then  remaining  in  solution.  The  remainder 
of  the  ether  is  driven  off,  the  liquid  neutralised  with  dilute  sulphuric 
acid ;  this  acid  removed  by  nitrate  of  baryta,  and  the  excess  of  baryta 
by  carbonate  of  ammonia ;  and  the  liquid,  after  neutralisation,  pre- 
cipitated by  neutral  acetate  of  lead.  The  washed  precipitate  decom- 
posed under  water  by  hydrosulphuric  acid,  yields,  after  the  sulphide 
of  lead  has  been  separated  by  filtration,  an  aqueous  solution  of 
cocatannic  acid,  having  a  yellow-red  colour,  acid  reaction,  and  slightly 
astringent  taste,  and  leaving  when  evaporated,  a  brown-red,  amorphous, 
hygroscopic  mass.  The  cocatannic  acid,  thus  prepared,  still  retains  a 
small  portion  of  alkali.  —  Part  of  the  acid  remains  dissolved  in  the 
liquid  filtered  from  the  cocatannate  of  lead,  and  may  be  precipitated 
therefrom  by  basic  acetate  of  lead,  but  when  separated  by  hydro- 
sulphuric  acid  from  the  lead-salts,  it  is  contaminated  with  nitric  acid. 

The  acid,  heated  on  platinum-foil,  melts,  swells  up,  gives  off  an 
empyreumatic  odour,  and  leaves  charcoal.  —  It  reduces  chromic  acid  to 
chromic  oxide,  precipitates  cuprous  oxide  from  potassio-cupric  tartrate, 
and  metallic  gold  from  auric  chloride.  —  It  forms  a  deep  red  precipitate 
with  aqueous  alkalis ;  throws  down  from  acetate  of  baryta  a  precipitate 
soluble  in  acetic  acid ;  from  tartar-emetic,  brown  flocks  ;  from  mercurous 
and  mercuric  nitrate,  dingy  yellow  precipitates,  but  does  not  precipitate 
mercuric  chloride.  It  colours  sesquichloride  of  iron  brown-green,  and  pre- 
cipitates white  of  egg,  but  not  gelatin-solution. 


8.  Euphrasiatannic  Acid. 

Enz.    Pharm.  Viertelj.  8,  175. 

In  Euphrasia  Officinalis.  —  The  fresh  plant  is  macerated  with  wat 
for   a   day,  then  boiled  and  pressed,  and  the  filtrate  precipitated  bj 
neutral  acetate  of  lead.     The  precipitate,  after  being  washed,  is  dit 
solved  in  acetic  acid,  and  the  solution,  filtered   from   sulphate   an( 
phosphate  of  lead,  is  neutrahsed  with  ammonia,  which  throws  doi 
siskin-green  euphrasiatannate  of  lead,  which  is  washed  and  dried. 


GALITANNIC 

ACIDi 

Calculation  according  to  Enz. 

Enz. 
an  00°;  mean. 

82  C 192     

20  H 20     . 

,..     28-07     , 
...       2-92     . 
...     19-89     . 
..     49-12     . 

27-92 

301 

19-73 

49-34 

17  0 136     

3  PbO 336     

C32H20Oi^3PbO    684     

..  100-00     . 

100-00 
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9.  Tannic  Acid  from  Fruits. 

BuiGNET.     N.  Ann.  Chim.  Phys.  61,  280. 

Kjiown  only  in  combination  with  iodine.  —  Occurs  in  unripe  apples, 
pears,  and  other  fruits,  disappearing  as  the  fruit  ripens  and  the  pro- 
l)ortion  of  sugar  increases.  —  When  the  juice  of  a  fruit  containing  this 
tannic  acid  is  mixed  with  starch,  and  iodine  is  dropped  in,  no  iodide  of 
starch  is  formed  till  all  the  tannic  acid  has  been  converted  into  the 
iodine-compound. 

Preparation  of  the  Iodine-compound.  —  The  expressed  and  filtered 
juice  of  green  apples,  mixed  with  tincture  of  iodine  as  long  as  the 
colour  of  the  iodine  is  thereby  destroyed,  yields,  after  a  few  seconds, 
a  brown  precipitate,  which  must  be  washed  with  large  quantities  of 
water. 

Yellow  amorphous  powder,  containing  43*0  p.  c.  C,  3*3  H.,  16*17  I., 
about  \  p.  c.  N.,  and  3  p.  c.  ash. 

The  compound  is  decomposed  by  boiling  with  dilute  acids,  with 
formation  of  dextro-glucose.  —  It  is  insoluble  in  water ;  after  it  has 
been  boiled  for  a  quarter  of  an  hour,  the  filtrate  does  not  reduce 
potassio-cupric  tartrate.    Insoluble  in  alcohol. 


10.  Galitannic  Acid. 

R.  ScHWARZ.     Wim^Akad.  Ber.  8,  26;  Ann.  Pharm,  83,57;   J.  pr. 
Chem.  58,  126. 

Occurrence.  In  the  herb  of  Galium  verum  and  G.  aparine.  Known 
only  in  combination  with  water  and  oxide  of  lead. 

The  aqueous  decoction  of  the  herb  is  precipitated  with  neutral 
acetate  of  lead;  the  precipitate  (containing  citric,  tannic,  and  inor- 
o-anic  acids)  is  removed ;  the  filtrate  is  precipitated  with  basic  acetate 
of  lead ;  the  precipitate  decomposed  with  hydro  sulphuric  acid ;  the 
liquid  filtered  from  the  sulphide  of  lead  is  precipitated  with  neutral 
acetate  of  lead,  to  remove  the  excess  of  hydrosulphuric  acid  and  any 
citric  acid  that  may  still  be  present ;  and  the  liquid  filtered  therefrom 
is  treated  with  basic  acetate  of  lead,  whereby  a  precipitate  of  a  fine 
yellow  colour  is  obtained,  which,  when  decomposed  under  water  by  hy- 
drosulphuric acid,  yields  aqueous  gahtannic  acid,  having  a  rather  bitter, 
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astringent  taste ;  and  acquiring  a  brown  colour  when  treated  with 
ammonia  and  the  fixed  alkalis.  It  oxidises  when  the  lead-salt  is  dried 
at  100°. 

Galitannate  of  Lead.  —  Gali tannic  acid  scarcely  precipitates  neutral 
acetate  of  lead,  but  forms,  with  the  basic  acetate,  a  precipitate  of  a 
fine  yellow  colour,  obtained  as  above  described ;  it  exhibits  the  com- 
position a;  Z»  is  obtained  in  a  different  way  ;  both  are  dried  at  100°. 

a.                 Schwarz.  b.                 Schwarz. 

70  C 17-84  17-65           28  C 12-06  12-08 

45  H    1-91  2-01            21  H    1-43  1-53 

55  O    18-69  18-43            25  O     14-44  14-53 

13  PbO   ....     61-56  61-91  9  PbO   ....  72-07  71-86 

100-00     100-00  100-00  100-00 

Schwarz  resolves  the  formula  a  into  3(C"H90",3PbO)  + 2(C»H90",2PbO),  and 
b  into  2(C"H80io,2PbO)  +  5(PbO,HO). 

Galitannic  acid  changes  the  colour  of  ferric  hydroclorate  to  a  fine 
green,  and  forms  a  dirty  brown  precipitate  with  cupric  acetate. 


11.  Gardeniatannic  Acid. 

M.  V.  Orth.     Wien.  Ahad.  Ber.  13,  509  ;  J.  pr.  Chem.  64,  10 ;  Pliarm. 
Centr.  1854,  897. 

Occurrence.  In  Chinese  yellow  pods  or  Wongski,  the  fruit  of 
Gardenia  grandiflora,  proceeding,  according  to  Jessen  (  Wien.  Akad.  Ber. 
14,  249),  from  a  rubiaceous  plant. 

Preparation  of  the  first  Tannic  ^czd— -The  bruised  pods  are  exhausted 
with  alcohol  of  40°  ;  the  extracts  are  evaporated  in  a  stream  of  car- 
bonic acid ;  the  oil,  which  separates  on  cooling,  or  on  addition  of  water, 
is  removed  by  means  of  a  wet  filter;  and  the  reddish  j^ellow  filtrate  is 
precipitated  with  solution  of  neutral  acetate  of  lead,  whereby  colouring 
matters  and  the  first  tannic  acid  are  precipitated.  (The  filtrate  serves  for 
the  preparation  of  chlororubin.)  The  precipitate  is  decomposed  under  water 
by  hydrosulphuric  acid  ;  the  solution  containing  the  first  tannic  acid 
and  a  httle  colouring  matter  is  filtered  from  the  sulphide  of  lead,  which 
retains  a  portion  of  the  colouring  matter,  and  again  precipitated  with 
neutral  acetate  of  lead  ;  and  this  precipitate  is  also  decomposed  with 
hydrosulphuric  acid,  the  sulphide  of  lead  then  retaining  the  wliole  of 
the  colouring  matter,  and  a  filtrate  being  obtained,  which,  by  evapora- 
tion in  a  stream  of  carbonic  acid,  and  drymg  in  vacuo,  yields  the  first 
tannic  acid. 

On  boiling  the  sulphide  of  lead  with  alcohol  of  40°,  the  colouring 
matter  is  dissolved,  and  remains  as  a  dark  reddish-yellow  syrup,  when 
the  alcohol  is  distilled  off  in  a  stream  of  carbonic  acid,  and  the  residue 
dried  hi  vacuo  over  oil  of  vitriol.  From  this  syrup  ether  extracts  a 
substance  which,  when  the  ether  is  evaporated  and  the  residue  treated 
with  water,  remains  as  a  reddish  yellow  resinous  colouring  matter,  insolu- 
ble in  water.     The  residue,  boiled  with  alcohol  which  removes  a  small 
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quantity  of  yellow  colouring  matter,  then  dried  at  100°,  is  the  yellow 
amorphous  colouring  matter  of  v.  Orth. 

Preparation  of  the  second  Tannic  Acid.  —  The  yellow  pods,  after 
exhaustion  with  alcohol,  are  boiled  with  water ;  the  extracts  are  con- 
centrated; a  jelly  precipitated  therefrom  by  alcohol;  this  jelly  col- 
lected on  hnen ;  and  the  filtrate  precipitated  with  neutral  acetate  of 
lead.  The  precipitate  is  treated  with  a  small  quantity  of  acetic  acid ; 
the  insoluble  portion  separated  by  filtration ;  and  the  solution  freed 
from  lead  by  hydrosulphuric  acid.  The  solution  filtered  from  the 
sulphide  of  lead,  and  evaporated  over  the  water-bath,  leaves  the 
second  tannic  acid,  which  must  be  dried  at  100°. 

Properties.  The  first  tannic  acid  is  a  brown-yellow  amorphous 
mass. 

First  Tannic  acid.  v.  Orth.  Second  Tannic  acid.  v.  Orth. 

46  C    47-26  47-47  46  C    52-98  52-67 

36  H  6-16  6-22  29  H   5-56  5-81 

34  O  46-58  46-31  27  O  41*46  41-52 

C46H36034....  100-00  100-00      C46H29027....  lOO'OO  100-00 

After  deduction  of  ash.  —  The  first  acid  contains,  according  to  v.  Orth,  8  at.,  the 
second  1  at.  water ;  this  he  infers  from  the  composition  of  the  lead-salt 

Lead-salt  of  the  first  Tannic  Acid.  —  Prepared  by  precipitating  the 
warm  solution  of  the  acid  with  basic  acetate  of  lead,  then  washing 
and  drying  at  100°. 

V.  Orth. 

46  C 276     23-3     22-89 

28  H 28     2-3     2-34 

26  0 208     17-7     17-38 

6  PbO 670     56-7     57*39 

C46H28026,6PbO    1182     100-0     100-00 

After  deduction  of  the  lead-oxide,  =  C^^Yi?^0^^'  (v.  Orth).  But  he  appears  to 
iiave  forgotten  that  the  ash  may  have  passed  into  the  lead-salt.     (Kr.) 

The  first  tannic  acid  colours /erric  hydrochlorate  green. 


12.  Hederic  Acid  and  Hederitannic  Acid. 

PossELT.     Ann.  Pharm.  69,  62  ;  Pharni.   Centr.  1849,  257 ;   Chem.  Gaz. 
1849,  92. 

In  the  seeds  of  ivy  {Iledera  Helix) 

a.  Hederic  ^c/d  — The  fresh  pulverised  seeds  are  freed  f mm  fat  by 
ether;  the  residue  is  repeatedly  boiled  with  alcohol ;  and  ^th  of  the 
alcohol  is  distilled  off  from  the  tinctures,  the  impure  acid  then 
separating  from  the  residue.  It  is  difficult  to  purify,  and  was  only 
once  obtained  pure  by  gradual  deposition  from  an  ether- alcoholic 
solution. 
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Soft,  white,  slender  needles  and  laminse,  which  give  off  5*4  p.  c. 
water  at  100°  (2  at.  ?  =  6*25  p.  c.).  Inodorous.  Has  a  very 
irritating  taste,  and  slight  acid  reaction. 


30  C 

....  180     ... 

26     ... 

....     64     ... 

....     66-66     

Posselt. 
mean. 
66-46 

26  H 

9-63     

9-45 

8  O 

....     23-71     

2409 

C30H26O8     ... 

....  270     ... 

....  100-00     

100-00 

As  the  atomic  weight  has  not  been  determined,  the  formula  cannot  be  calculated 
with  certainty.     (Kr.) 

Does  not  melt  when  heated,  but  gives  off  a  peculiar  aromatic  odour, 
and  leaves  charcoal.  Dissolves  with  splendid  purple  colour  in  oil  of 
vitriol. 

Insoluble  in  water.  —  The  acid  expels  carbonic  acid  from  carbonates, 
and  forms,  with  ammonia,  potash,  baryta,  and  lime,  amorphous 
gelatinous  salts,  which  dissolve  in  alcohol,  but  are  nearly  or  quite  in- 
soluble in  water. 

From  the  alcoholic  ammonia-salt,  nitrate  of  silver  throws  down  a 
white  precipitate,  which  dissolves  in  boiling  alcohol,  and  separates  in 
the  crystaUine  form  on  cooling. 

Ilederic  acid  is  soluble  in  alcohol,  but  insoluble  in  ether. 

h.  Hederitannic  Acid.  —  Epheugerh&dure.  —  Obtained  from  ivy-seeds, 
exhausted  by  successive  treatment  with  ether  and  alcohol  (for  the  pre- 
paration of  hederic  acid)  by  boiling  with  water.  The  decoction  is  mixed 
with  acetic  acid  and  neutral  acetate  of  lead ;  the  precipitate  removed ; 
and  the  filtrate  precipitated  with  ammonia.  The  fine  yellow  precipitate, 
after  being  but  shghtly  washed  (as  it  is  soluble),  is  decomposed  under 
water  with  hydrosulphuric  acid,  and  the  solution  filtered  from  the 
sulphide  of  lead  is  evaporated ;  it  then  leaves  the  acid,  but  in  an 
impure  state. 

Inodorous,  amorphous,  acid  mass,  whose  aqueous  solution  becomes 
coloured  during  evaporation.  It  reduces  mercuric  nitrate  and  nitrate  of 
silver.  It  acquires  a  fine  yellow  colour  when  mixed  with  alkalis,  and 
is  precipitated  yellow  by  ammoniacal  lime-salts  and  by  haryta-  and  lead- 
salts.  It  colours  ferric  salts  dark  green,  and  forms  a  greenish 
precipitate  with  eupric  sulphate.  It  is  not  precipitated  by  solution  of 
gelatin. 


13.  Helianthotannic  or  Helianthic  Acid. 

LuDwiG  &  Kromayer.     N.  Br.  Arch.  99,  1,  and  285. 

The  iron- greening  tannic  acid  of  the  seeds  of  the  sunflower, 
Helianthus  annuus. 

The  finely  pulverised  fruits,  freed  from  the  husks,  are  exhausted 
with  boiling  alcohol  of  90  per  cent. ;  the  alcohol  is  distilled  off  in  a 
current  of  hydrogen ;  the  residue  is  separated  by  filtration,  the  filtrate 
precipitated  with  neutral  acetate  of  lead ;  and  the  precipitate  is 
collected,  washed,  and  decomposed  under  water  by  hydrosulphuric 
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acid.  The  liquid  filtered  from  the  sulphide  of  lead,  and  evaporated 
over  the  water-bath,  leaves  the  helianthotannic  acid  as  a  brownish- 
yellow  amorphous  mass,  which  may  be  rubbed  to  a  sHghtly  coloured 
powder.  It  is  redissolved  in  water  and  reprecipitated  with  neutral 
acetate  of  lead ;  the  precipitate  is  decomposed  by  hydrosulphuric  acid ; 
and  the  filtrate  evaporated,  a  Hght  greenish-yellow  amorphous  mass 
then  remaining,  which  yields  a  yellowish  white  powder,  and  no  longer 
becomes  moist  on  exposure  to  the  air. 

After  diying  at  100°,  it  contains  53-27  p.  c.  C,  5*97  H.,  and 
40*76  0.,  answering,  according  to  Ludwig  &  Kromayer,  to  the 
formula  C^*H^O^  (calc.  53-50  C,  5-73  H.,  and  40-77  O.).  —  Melts  when  heated, 
giving  off  an  odour  of  burnt  coffee,  together  with  acid  empyreumatic 
products. — Heated  on  platinum-foil,  it  first  chars  and  then  hums  away. 
—  Nitric  add  imparts  to  aqueous  heHanthic  acid  a  fine  red  colour,  but 
on  heating  the  liquid,  nitrous  vapours  are  evolved,  and  the  colour  disap- 
l)ears.  —  Cold  oil  of  vitriol  colours  the  aqueous  acid  red ;  hot  oil  of 
vitriol  blackens  it.  —  When  boiled  with  moderately  dilute  hydrochloric 
acid  in  a  stream  of  hj^drogen,  it  is  resolved  into  fermentable  sugar 
and  an  acid  colouring  matter.  The  latter  is  precipitated  by  carbonate 
of  lead.  When  separated  from  the  lead-compound  by  hydrosulphuric 
acid,  it  yields  a  colourless  solution,  which  leaves,  on  evaporation  a 
violet  residue,  changing  to  bright  red  when  treated  with  alkahs.  — 
Ilelianthic  acid,  when  heated  with  an  alkaline  cupric  solution,  does 
not  reduce  it.  —  From  an  ammoniacal  silver-solution,  it  reduces  metallic 
silver. 

The  acid  dissolves  readily  in  water.  It  turns  yellow  when  mixed 
with  alkalis,  and  is  precipitated  yellow  by  lime-water.  —  The  latter 
precipitate  turns  brown  when  exposed  to  the  air  in  contact  with 
excess  of  lime-water.  —  The  light  yellow  lead-salt  precipitated  from 
the  aqueous  acid  by  neutral  acetate  of  lead,  and  dried  at  100°,  con- 
tains 39-5  or  44-24  p.  c.  lead-oxide ;  also  32-44  C,  3-28  H.,  and 
20-04  0.,  answering  to  the  formula  2(C"H«O^PbO)  +  PbO,IIO.  — 
The  aqueous  acid  imparts  to  sesquichloride  of  iron  a  splendid  dark 
green  colour,  changing  to  violet  on  addition  of  ammonia.  It  does  not 
precipitate  ferrocyanide  of  potassium,  or  solution  of  gelatin. 

The  acid  dissolves  in  alcohol,  but  not  in  ether. 


14.  Ipecacuanhic  Acid. 

E.  WiLLiGK.— TTiew.  Ahad.  Ber.  5,  192  ;  J.  pr.  Chem.  51,  404. 

The  tannic  acid  of  the  root  of  Cephalis  Ipecacuanha.  (Handbuch  viii, 
Phytochem.  56.) — Pelletier  {Ann.  Chim.  Phys.  4,  172;  /.  Pharm.  3,  145  ;  Schw. 
19,  440);  Massonfour  {Bull.  Pharm.  1,  161),  and  Richard  &  Barruel  (/.  Pharm. 
6,  264),  regarded  the  acid  as  gallic  acid,  though  it  had  been  already  recognised  as 
distinct  therefrom  by  PfafF. 

Preparation.  The  pulverised  root  is  boiled  with  alcohol  of 
sp.  gr.  0*84  5  the  filtered  decoction  is  precipitated  with  basic  acetate 
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of  lead ;  and  the  precipitate  is  washed  with  alcohol  of  sp.  gr.  0-83  and 
dissolved  in  dilute  acetic  acid.  The  acetic  acid  solution  mixed  with 
basic  acetate  of  lead,  and  then  with  a  small  quantity  of  ammonia, 
yields  a  precipitate,  which  is  to  be  washed  with  alcohol  of  98  p.  c, 
suspended  in  ether,  and  decomposed  by  hydrosulphuric  acid.  The 
liquid  filtered  from  the  sulphide  of  lead  is  evaporated  in  a  stream  of 
carbonic  acid  ;  the  residue  is  mixed  with  water,  and  filtered  from  the 
fat  which  separates ;  the  filtrate  is  digested  with  animal  charcoal ;  and 
the  reddish-brown  liquid,  after  being  freed  from  charcoal,  is  evaporated 
in  a  stream  of  carbonic  acid. 

a  strongly 


Properties.     Amorphous,  reddish 
bitter  taste.     Very  hygroscopic. 

brown 

mass,  having 

at  100°. 

Willigk. 
mean. 

14  C 

9  H 

7  0 

...     84     

...       9     

...     56     

56-37 

6-04 

37-59 

56-24 

6-23 

37-53 

C"H907.... 

...  149     

100-00 

100-00 

Decompositions.  1.  Melts  when  heated,  swelling  up,  emitting  an  odour 
of  formic  acid,  and  leaving  a  difficultly  combustible  charcoal.  —  2.  The 
alkaline  solution  absorbs  oxygen,  and  acquires  a  dark  black-brown 
colour.  —  3.  It  reduces  mercury-  and  silver-salts.  —  4.  It  dissolves  in  oil 
of  vitriol,  forming  a  brown-red  solution,  which  deposits  grey  flocks 
on  addition  of  water. — Nitric  acid  dissolves  ipecacuanhic  acid,  forming 
a  dark  reddish-yellow  solution,  which  turns  yellow  and  gives  off 
nitrous  gas  when  heated. 

Ipecacuanhic  acid  is  very  soluble  in  water. 

Ipecacuanhate  of  Lead.  —  Dilute  aqueous  ipecacuanhic  acid  does  not 
precipitate  neutral  acetate  of  lead,  but  forms  with  the  basic  acetate,  a 
brownish  white  precipitate,  which  quickly  absorbs  oxygen,  and  acquires 
a  darker  colour. 

The  mono-acid  lead-salt  is  precipitated  by  basic  acetate  of  lead 
from  the  tincture  prepared  with  alcohol  of  sp.  gr.  0*85,  after  it  has 
been  freed  from  all  matters  precipitable  by  alcoholic  neutral  acetate  of 
lead,  and  mixed  with  a  large  quantity  of  water ;  and  the  precipitate  is 
washed  with  cold  water,  and  dried  at  100°.  —  If  the  lead-salt  thus 
obtained  be  dissolved  in  acetic  acid,  and  the  filtrate  precipitated  with 
absolute  alcohol,  or  with  basic  acetate  of  lead,  precipitates  are  formed, 
containing  f,  |-  and  |-  at.  ipecacuanhic  acid  to  1  at.  lead-oxide. 

a.  b.  c.  d. 

14  C 84     ....     32-24     ....     32-07  ....  30-17  ....  26-79  ....  35-06 

9  H 9     ....       3-45     ....       3-43  ....  3-29  ....  2-83  ....  3-84 

7  0 56     ....     21-50     ....     21-85  ....  19-71  ....  16-82  ....  22-26 

PbO 112     ....     42-81     ....     42-65  ....  46-83  ....  53-56  ....  38-84 

C"H90',PbO    ....  261     ....  100-00     ....  100-00     ....  100-00     ....  100-00     ....  100-00 

Other  lead-salts  contained  41-1  and  45*9  p.  c.  PbO.  Willigk  gives  the  following 
formulae  :  for  b,  ^G^^R^O^,'iVhO  +  6aq.  ;  for  c,  2Q,^^n^OS^^hO  +  aq. ;  for  d,  &C}^WO\ 
5PbO, +4aq. 

Ipecacuanhic  acid  coloiurs  aqueous  ferric  salts  green,  changing  to 
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violet  on  addition  of  a,  small  quantity  of  ammonia,  and  inky  ])lack  with 
a  larg-er  quantity.  —  From  cupric  salts,  on  addition  of  ammonia,  it 
throws  down  a  green-black  precipitate.  It  is  soluble  in  alcohol,  less 
soluble  in  ether. 


15.  Kinotannic  Acid. 

Berzelius.     Lehrhuch,  3  Anfl.  6,  258. 

Gerding.    iV.  Br.  Arch.  65,  283  ;  abstr.  Pharm.  Centr.  1851,  305  ;  Lieh. 

Kopp.  Jahresher.  1851,  422. 
Hennig.     N.  Br.  Arch.  73,   129 ;  abstr.  Pharm.   Centr.  1853,  177.  — 

N.  Br.  Arch.  77,  260;  85,  150. 
ErssFELDT.     Ann.  Pharm.  92,  101;  Chem.  Centr.  1855,  110;  abstr.  Z/e5. 

Kopp.  Jahresher.  1854,  431. 

The  tannic  acid  of  African  kino  (from  Pterocarpus  erinaceus,  Handbuch  viii, 
Plixjtochem.  72)  must  be  regarded,  according  to  Berzelius  and  Gerding,  as  a  distinct 
compound.  Hennig  regards  it  as  identical  with  gallotannic  acid;  he  examined  the 
Kino  malahricum  of  commerce,  which,  in  his  opinion,  is  the  true  African  kino.  Eiss- 
feldt  (who  obtained  crystals  of  pyrocatechin  (xi,  379)  from  Kino  malahricum  by  the 
action  of  ether)  did  not  succeed  in  preparing  kinotannic  acid  either  by  the  process  of 
Berzelius  or  by  that  of  Gerding  ;  he  regards  kinotannic  acid  as  perhaps  identical  with 
catechutannic  acid.  —  On  the  reaction  of  kino,  see  Nesenbeck  (/Jejoerf.  27,  211)  and 
Hennig;  on  a  jelly  from  kino,  see  Redwood  (A^.  J.  Pharm.  1,  336).  —  Characters 
similar  to  those  of  kinotannic  acid  are  exhibited  by  the  tannic  acid  of  Becuibabhil, 
the  juice  of  Myrislica  Becuhyba,  a  Brazilian  tree  (see  Peckolt,  N.  Br,  Arch.  107, 1G3). 

1.  When  the  aqueous  extract  of  kino  is  precipitated  by  dilute  sul- 
phuric acid— the  pale  red  precipitate  washed  as  long  as  the  wash  water 
acquires  a  sour  taste,  and  then  dissolved  in  boihng  water, — the  liquid 
filtered — and  the  filtrate  containing  sulphuric  and  kinotannic  acids  mixed 
with  baryta-water,  till  a  sample  of  it  no  longer  precipitates  an  acidu- 
lated solution  of  chloride  of  barium, — the  filtrate  when  evaporated  in 
vacuo,  leaves  kinotannic  in  the  form  of  a  red  fissured  mass,  sparingly 
soluble  in  cold,  more  easily  in  boiling  water,  and  having  an  astringent 
taste.  This  product,  when  its  aqueous  solution  is  evaporated  in  con- 
tact with  the  air,  becomes,  for  the  most  part,  insoluble,  and  when  left 
in  contact  with  the  air,  separates  as  a  light  red  precipitate.  Its 
aqueous  solution  is  precipitated  by  acids,  not  by  carbonate  of  potash 
or  tartar-emetic.  It  is  soluble  in  alcohol,  insoluble,  or  nearly  so,  in 
ether  (Berzelius).  Kinotannic  acid,  precipitated  by  sulphuric  acid, 
does  not  yield  pyrogalHc  acid  (xi,  398)  by  dry  distillation  (Stenhouse, 
Ann.  Pharm  45,  68). 

2.  Kinotannic  acid  prepared  by  the  process  just  described,  but  freed 
from  sulphuric  acid  by  carbonate  of  baryta,  exhibits,  after  drying  at 
100°,  a  different  composition  in  different  preparations  (44-77  p.  c.  C, 
4-21  H.,  and  42*80  C,  3*66  H.),  because  the  sulphuric  acid  exerts  a  de- 
composing action  on  it.  But  when  the  extract  of  kino  is  precipitated 
by  a  hot  solution  of  isinglass,  the  flesh-coloured  precipitate  collected 
and  boiled  with  alcohol  of  95  per  cent.,  and  the  currant-red  solution 
evaporated  in  vacuo  or  by  heat,  a  purer  kinotannic  acid  is  obtained  in 
the  form  of  a  red,  transparent,  fissured  mass,  which,  when  dried  at 
100%  contains  48-32  p.  c.  C,  4*28  H.,  and  47*40  0.     This  kinotannic 
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acid,  of  Gerding  exhibits  the  following  characters  : — It  chars  when 
heated^  but  does  not  yield  any  pyrogallic  acid  by  dry  distillation.  When 
its  aqueous  solution  is  left  to  stand  in  open  vessels,  or  when  oxygen  is 
passed  into  it  at  20° — 30°,  it  takes  up  oxygen,  loses  its  rough  taste, 
and  deposits  kino-red  in  the  form  of  a  light  red  pulp,  the  quantity  of 
which  increases  when  the  liquid  is  heated.  Its  aqueous  solution,  mixed 
with  hydrochloric  acid,  becomes  turbid,  and  yields  after  a  while  a  light 
red  precipitate  ;  it  is  decolorised  by  chlorine,  clouded  by  nitiic  acid,  and 
when  heated  therewith  assumes  a  yellow  colour  and  yields  oxalic  acid. 
It  acquires  a  darker  colour  on  addition  of  ammonia  oy potash,  and  after  a 
while  deposits  precipitates.  On  heating  it  to  the  boihng  point  with 
magnesia  alba,  the  wliole  of  the  kinotannic  acid  is  thrown  down  as  a 
violet-red  precipitate,  the  solution  retaining  its  dark  red  colour.  With 
neutral  acetate  of  lead  it  forms  a  reddish  grey  precipitate,  which  contains 
all  the  tannic  acid,  is  insoluble  in  water,  alcohol,  2i^^  potash-ley,  but  dis- 
solves in  nitric  acid.  It  does  not  precipitate  ferrous  sulphate.  It  forms 
a  blacks-green  compound  with  ferric  salts,  imparts  a  faint  red  colour  to 
nitrate  of  silver,  and  afterwards  reduces  it ;  and  forms,  with  cupric 
sulphate,  a  grey  precipitate  which  turns  black  on  standing  (Gerding). 

3.  Kinotannic  acid  prepared  by  the  second  process  is  a  mixture 
which  does  not  dissolve  completely  either  in  cold  or  in  hot  water, 
absorbs  oxygen  only  in  presence  of  potash,  and  does  not  at  the  same 
time  deposit  any  sediment.  On  removing  the  deposit,  which 
forms  spontaneously  in  aqueous  extract  of  kmo  (and,  according 
to  Hennig,  contahis  hyperpectic  acid),  a  red  colouring  matter  (Hennig's 
Icinoic  acid)  remains  in  solution,  together  with  the  tannic  acid  of  the 
kino,  which  latter,  in  the  pure  state,  is  identical  with  gallotannic  acid, 
and  exhibits  different  characters  only  when  impure.  If  a  small  quan- 
tity of  recently  precipitated  hydrate  of  lead  be  added  to  the  filtered 
aqueous  extract,  the  red  precipitate  thereby  produced  contains  the 
kinoic  acid ;  100  pts.  of  its  organic  substance  contain  43 '65  p.  c.  C, 
3*31  II.,  and  53"04  0.  The  filtrate  leaves,  on  evaporation,  a  yellow 
residue,  the  aqueous  solution  of  which  precipitates  tartar-emetic  and 
ferric  chloride,  the  latter  blue-black ;  and  the  yellow  residue  itself 
yields  pyrogallic  acid  by  dry  distillation,  and  is  soluble  in  ether.  — 
When  extract  of  kino  is  mixed  with  neutral  acetate  of  lead,  precipi- 
tates are  formed,  successively  containing  less  colouring  matter  and 
more  oxide  of  lead,  till  the  last  contains  32  p.  c.  PbO,  corresponding 
to  the  composition  of  gallotannate  of  lead.  If  a  concentrated  tincture 
of  kino  be  mixed  with  basic  acetate  of  lead  by  drops,  and  at  intervals 
of  12 — 24  hours,  till  only  a  few  drops  run  off  from  the  jelly,  and  if 
cold  water  be  then  poured  in,  and  the  whole  left  to  itself  till  it  begins 
to  show  colour,  the  solution  contains  a  large  quantity  of  tannic  acid 
(together  with  lead  and  lime,  which  may  be  precipitated  by  oxalic 
acid).  If  it  be  then  mixed  with  hydrate  of  lead,  and  evaporated  to 
dryness  in  a  stream  of  hydrogen,  the  organic  substance  of  the  residue 
contains  53'16  p.  c.  C,  3*71  H.,  and  43*13  0.,  agreeing  with  the  compo- 
sition of  gallotannic  acid  (Hennig). 
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16.  Kino-red. 

Gerding.     N.  Br.  Arch.  65,  290. 

Aqueous  tannic  acid  kept  for  several  weeks  in  contact  with  tlie 
air  in  open  vessels,  takes  up  oxygen,  and  deposits  kino-red,  which 
may  be  freed  from  undecomposed  kinotannic  acid  by  washing  with 
water. 

Amorphous,  red  mass,  which  turns  brown  on  the  surface  when 
dried,  and  yields  a  light  red  powder.  Its  alcoholic  solution  is  slightly 
acid.  Nearly  tasteless.  —  After  drying  between  50°  and  60°,  it  con- 
tains 37*55  p.  c.  C,  3'82  H.,  and  58*63  0. ;  from  another  preparation, 
34*96  p.  c.  C,  3*96  H.,  and  61*98  0.,  in  other  cases,  about  10  p.  c.  0. 
more. 

When  heated,  it  yields  a  small  quantity  of  pyro-acid.  It  is  partially 
carbonised  by  oil  of  vitriol.  —  Chlorine  decolorises  it ;  nitric  acid  con- 
verts it  into  oxalic  acid.  —  When  boiled  for  some  time  with  strong 
hydrochloric  acid,  it  dissolves  with  dark  violet  colour,  and  on  cooling, 
or  on  dilution  with  water,  it  deposits  kino-brown  as  a  fine  dark  brown 
powder,  the  hquid  remaining  red.  This  kino-brown,  dried  at  100°, 
contains  from  44*77  to  46*17  p.  c.  C,  4*39  to  4*52  H.,  has  a  neutral  re- 
action, and  dissolves,  with  red  colour,  in  alcohol,  acetic  acid  and  tar- 
taric acid.  It  communicates  a  red  or  violet  colour  to  stuffs  prepared 
with  tin  or  iron  mordants. 


17.  Leditannic  Acid. 

E.  WiLLiGK.     Wien.  ATcad.  Ber.  9,  302  ;  J",  pr.  Chem.  58,  205;    Ann. 

Pharm.  84,  363  ;  Pharm.  Centr.  1852,  790. 
RocHLEDER  &  SciiwARZ.    Wien.  AJcad.  Ber.  9,  307;  J.pr.  Chem.  58,  210 ; 
Ann.  Pharm.  84,  366;  Pharm.  Centr.  1852,  790. 

Occurrence.  In  the  leaves  of  Ledum  palustre.  —  A  tannic  acid 
from  Epacris  and  another  from  horse-chesnuts  yield  a  product  of 
decomposition  identical  with  ledixanthin,  without  being  themselves 
identical  with  leditannic  acid.  (Rochleder,  Wien.  Akad.  Ber.  44,  493 ; 
Chem.  Centr.  1862,  8.) 

Preparation.  1.  Neutral  acetate  of  lead  is  added  by  drops  to  the 
aqueous  decoction  of  the  leaves,  till  a  sample  of  the  resulting  precipi- 
tate dissolves  completely  in  acetic  acid ;  the  hquid  is  then  filtered,  and 
and  the  filtrate  precipitated  with  basic  acetate  of  lead.  The  washed 
precipitate  is  decomposed  by  hydrosulphuric  acid,  and  the  solution 
filtered  from  the  sulphide  of  lead,  is  evaporated  to  dryness  over  the 
water-bath. — 2.  The  alcohohc  decoction  of  Ledum  palustre  is  precipi- 
tated by  water,  after  the  alcohol  has  been  distilled  off;  the  Hquid  is 
filtered;  the  filtrate  precipitated  with  neutral  acetate  of  lead;  the 


528  ISOLATED   TANNIC  ACIDS. 

precipitate  dissolved  in  dilute  acetic  acid ;  the  liquid  again  fdtered ; 
and  the  filtrate  precipitated  at  the  boiling  heat  with  basic  acetate  of 
lead.  If  the  precipitate,  which  has  a  fine  yellow  coloui-,  be  decomposed 
under  water  by  hydrosulphuric  acid,  and  the  solution,  filtered  at  the 
boiling  heat  from  sulphide  of  lead,  be  evaporated  in  a  stream  of  car- 
bonic acid,  leditannic  acid  remains  behind.  (Rochleder  &  Schwarz.) 

properties.     Eeddish,  inodorous  powder. 


28  0 
15  H 
15  O. 


WiUigk. 

Rochleder 
&  Schwarz. 

mean  at  100°. 

in  vacuo. 

168     . 

..     55-44 

....     55-14     . 

...     50-89 

15     .. 

..       4-95 

....       5-11     . 

...       5-46 

120     .. 

..     39-61 

....     39-75     . 

..     43-65 

2Ci4Hfi06  +  3  aq 303     ....  100-00     ...  lOO^OO     ....  100-00 

After  deduction  of  1-2  p.  c.  (Willigk),  of  2*08  p.  c.  ash  (Rochleder  &  Schwarz). 

Aqueous  leditannic  acid  boiled  with  dilute  sulphuric  or  hydrochloric. 
acid  (or  mixed  with  cold  oil  of  vitriol),  deposits  a  yellow  or  red  powder, 
ie(?/ica/iMm,  which,  when  dried  at  100°,  contains  60*9  p.  c.  C,  4-5  H., 
and  34-6  0.,  therefore  C^^IW  (calc.  60-87  p.  c.  C,  4-35  H.,  and 
34*78  0.),  and  is  produced  from  leditannic  acid  by  elimination  of 
w^ater.  By  dry  distillation  it  yields  an  oil  and  crystals  of  pyrocatechin 
(xi,  379).  It  dissolves  easily  in  alkalis,  and  when  dissolved  in  alcohol, 
forms  a  red-brown  precipitate  with  an  alcoholic  solution  of  neutral 
acetate  of  lead,   (Willigk.) 

Leditannate  of  Lead.  —  The  aqueous  decoction  of  the  leaves  is  pre- 
cipitated by  neutral  acetate  of  lead ;  the  precipitate  is  removed ;  the 
filtrate  is  precipitated  by  basic  acetate  of  lead,  and  the  yellow  pre- 
cipitate a  is  dried  at  100°,  h  in  vacuo.  (Willigk.) 

a.  Willigk.  b.  Willigk. 

140  C  32-22  ....  32-26   98  C  28-66  ....  28-54 

60  H 2-30  ....  2-49   51  H 2-49  ....   268 

60  O  18-42  ....  18-25      51  O  19-89  ....     19-84 

11  PbO 47-06  ....  47-00        9  PbO 48-96  ....     48-94 

10C"H'^O6,llPbO.  100-00     ....  100-00      7C"H606,9(PbO,HO) .  100-00     ....  10000 

Aqueous  leditannic  acid  is  coloured  dark-green  hj  ferric  hydrochlorate. 

Stannic  Leditannate.  —  Aqueous  leditannic  acid  forms  a  fine  yellow 
precipitate  with  stannic  hydrochlorate.     (Rochleder  &  Schwarz.) 

In  vacuo.  Rochleder  &  Schwarz. 

28  C 168     22-95     23-07 

21  H 21     2-87     3-05 

21  0 168     22-95     23-88 

5  Sn02    376     51-23     50-00 

2CHH909,5Sn02  +  2aq 732     100-00     lOO'OO 

Leditannic  acid  dissolves  easily  in  alcohol  (Willigk). 
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18.  Ratanhiatannic  Acid, 

WiTTSTEiN.     Pharm.  Viertelj,  3,  353 ;  6,  521. 

Occurs  in  common  and  in  Savanilla  Rhatany  root.  —  Peschier  (iV^.  Tr, 
4,  2,  182 ;  J.  Pharm.  6,  34 ;  10,  348)  designated  as  crameric  acid,  a 
crystallisable  acid  from  rhatany  root,  to  which  he  attributed  the 
property  of  decomposing  sulphate  of  baryta.  This,  according  to 
Wittstein,  must  have  been  tyrosin  (xiii,  358),  while  Illassiwetz 
Ann.  Pharm.  119,  202),  thinks  it  probable  that  phloramine  (p.  69) 
may  occur  in  rhatany  root. 

The  ethereal  extract  of  the  pulverised  root-bark  of  Krameria 
triandra  {Handh.  viii,  Phytochem.  42),  yields,  when  the  ether  is  distilled 
off,  and  the  residue  dried,  a  shining  dark-red  substance,  which  dissolves 
in  alcohol,  with  separation  of  wax.  On  evaporating  the  alcohohc 
extract,  the  tannic  acid  remains  behind.  —  When  the  dry  bark  powder 
of  Savanilla  Rhatany  root  is  exhausted  with  ether — the  ether  evaporated 
— the  residue  exhausted  with  alcohol  of  90  p.  c,  which  leaves  the  wax 
undissolved — the  filtrate  diluted  with  ten  times  its  bulk  of  water — a 
few  drops  of  solution  of  neutral  acetate  of  lead  added  —  the  Hquid 
liltered, — and  the  filtrate  completely  precipitated  with  neutral  acetate 
of  lead,  ratanhiatannate  of  lead  h  is  obtained. 

The  acid  melts  when  heated,  chars,  and  leaves  a  very  difficultly  com- 
bustible charcoal,  while  a  watery  and  oily  distillate  passes  over  con- 
taining pyrocatechin  (xi,  379).  (See  also  Eissfeldt,  Ann.  Pharm.  92,  109  ; 
Uloth,  Ann.  Pharm.  Ill,  217.) — It  dissolves,  but  imperfectly,  even  in  warm 
water,  forming  a  dirty  rose-coloured  solution ;  it  dissolves  completely  on 
the  addition  of  a  few  drops  of  a?/i?wo?««,  whereupon  hydrochloric  acz'c?  throws 
down  dirty  flesh-coloured  flakes.  When  ratanhiatannic  acid  (separated 
from  the  lead-salt  by  hydrosulphuric  acid)  is  heated  for  some  time  over 
the  water-bath  with  water,  to  which  5  p.  c.  alcohol  has  been  added,  a 
hard,  brown-red  resin,  Wittstein's^a^awy^za-7'ecZ,  separates,  and  on  evapo- 
rathig  the  remaining  liquid,  there  remains  a  small  yellowish  residue, 
whicli  has  a  slightly  sweet  taste,  and  reduces  potassio-cupric  tartrate 
when  heated  therewith.  —  The  aqueous  solution  is  coloured  dark-green 
by  sesquichloride  of  iron,  then  precipitated ;  it  forms  a  pale  flesh-coloured 
precipitate  with  gelatin-solution,  and  is  coloured  paler  by  tartar-emetic, 
without  precipitation. 

Ratanhiatannate  of  Lead.  —  The  alcohohc  solution  of  the  tannic  acid 
is  mixed  with  a  few  drops  of  neutral  acetate  of  lead,  and  the  filtrate 
is  precipitated  with  excess  of  neutral  acetate  of  lead.  The  pale  flesh- 
coloured  precipitate  is  washed  and  dried  at  a  gentle  heat.  —  Dark  red 
powder,  which,  after  drying  at  100°,  undergoes  no  further  change. 

Wittstein. 
Calculation  according  to  Wittstein.  mean  at  100°. 

a.  b. 

54  C 324'0  ....  43-83  ....  43-73  ....  43'64 

24  H   24-0  ....  3-25  ....  3-23  ....  3-21 

21  0 168-0  ....  22-73  ....  22-84  ....  22-90 

2PbO 223-6  ....  30-19  ....  30-20  ....  30-25 

C54H240-'S2PbO    ....  739-6     ....  lOO'OO     ....  100-00     ....  100-00 

Ratanhiatannic  acid  dissolves  easily  in  alcohol  (Wittstein). 

VOL.  XV.  2   M 
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19.  Eatanhia-red. 

WiTTSTEiN.     Pharm.  Viertelj.  3,  358. 

Produced,  together  with  a  saccharine  substance,  by  heating  ratanhia- 
tannic  acid  (p.  529)  with  sulphuric  acid,  and  purified  by  precipitating 
the  alcohohc  solution  with  water. 

Brown-red,  easily  friable,  tasteless  mass. 

Witts  tein. 


12  C 

72  ... 

6  ... 

70-59  . .. 

mean. 
70-67 

6  H 

6-88  

5-74 

3  O 

24  .. 

2.S-.53  

23.59 

C12H603 

102  ... 

....  100-00  

100-00 

Insoluble  in  water,  but  dissolves  easily,  with  ruby-red  colour,  in 
alcohol, 

20.  Rhamnotannic  Acid. 

BiNSCHWANGEB.    EeperL  104,  58. 

Obtained  in  the  preparation  of  rhamnocathartin  {infra,  vol.  xvi),  and 
purified  by  washing,  drying,  solution  in  ether  and  evaporation. — 
Greenish  yellow,  amorphous,  easily  friable  mass.  Tastes  bitter  and 
astringent.  Neutral. — Melts  and  decomposes  when  heated,  like  a  non- 
azotised  body.  —  Nearly  insoluble  in  cold  water ;  somewhat  soluble  in 
boiling  water,  and  in  aqueous  ammonia ;  forming  a  golden  yellow  liquid, 
which  gradually  turns  brown.  With  lime-water  and  potash-ley  it 
forms  yellow  solutions,  which  do  not  change  in  contact  with  the  air  ; 
the  former  however  gradually  deposits  yellow  flocks.  The  aqueous 
solution  added  to  neutral  or  basic  acetate  of  lead,  throws  down 
orange-yellow  flocks ;  it  colours  ferric-salts  ohve-green  and  then  pre- 
cipitates them.  In  tartar-emetic  it  forms,  after  some  time,  a  yellow 
precipitate.  Does  not  precipitate  solution  of  gelatin.  —  The  acid  dis- 
solves readily  in  alcohol  and  ether. 

21.  Rhodotannic  Acid. 

R.  ScHWAEZ.     Wien,   Akad.  Ber.  9,  298 ;  J.  pr.  Chem.  58,  202  ;  Ann, 
Pharm.  84,  361 ;  Pharm.  Centr.  1852,  773 ;  Chem,  Gaz.  1853,  44. 

Occurrence.     In  the  leaves  of  Bhododendron  ferrugineum. 

Preparation.  The  alcoholic  decoction  of  the  leaves  is  freed  from 
alcohol  by  distillation ;  the  residue  is  mixed  with  water ;  the  filtrate  is 
precipitated  with  neutral  acetate  of  lead;  the  precipitate  is  treated 
with  dUute  acetic  acid ;  the  Hquid  is  filtered  from  the  undissolved  por- 
tion, aad  the  filtrate,  heated  to  the  boiling  point,  is  precipitated  with 
basic  acetate   of  lead.     When  rhodotannate  of  lead  ia  precipitated 
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mider  water  with  hydrosulplmric   acid,  and  the  solution  filtered  at 
the  boihng  heat  from  the  sulphide  of  lead  is  eyaporated  in  a  stream  of 
carbonic  acid,  rhodotanmc  acid  remains,  and  after  beine-  pulverised 
may  be  dried  m  vacuo  over  oil  of  vitriol.  puiveuseu, 

tastT'  ''■^'^'^''^*     ^°'^^'*"^^^^^^  powder,  having  a  sHghtly  sour  astringent 
Calculation  according  to  Schwarz.                R.  Schwars. 
56  C    336     55-00    54-91 

27  H 27 4-41  ...,;;;;:.  4.61 

S^  Q    248     40-59     40-48 

4Ci^H607+3aq.    611     100-00     100-00 

After  deduction  of  1-5  p.  c.  ash. 

When  heated  with  aqueous  mineral  acids,  it  yields  a  reddish-yellow 
precipitate  of  rhodoxanihin,  which,  after  drying  in  vacuo,  contains 
52-40  p.  c.  C,  4-66  H.,  and  42-94  0.  {s^^^^^o'i  =  2C»H70s  +  HO-  calc 
52-06  C,  3-70  H.),  and  decomposes  at  100°. 

Stannic  Wiodotannate.  —  Aqueous  rhodotannic  acid  forms  with  stan- 
nic hydrochlorate  a  precipitate  of  a  fine  yellow  colour. 

at  110°.  Schwarz. 

140  C 840     ....  22-61  22*39 

87  H 87     ....  2-34  2-96 

97  0 776     ....  20-89  20-42 

27  Sn02    2025     ....  54-16  54-23 


10Ci4H8O9,27SnO2+7HO....  3728     ....  10000     100  00 

Approximately  =  Ci'iH90io,3Sn02. 

BJiodotannate  of  Lead.  —  Preparation,  p.  530.     Fine  chrome-yellow  pre- 
i)itatc,  which  does  not  alter  at  100°. 

at  100°.  Schwarz. 

42  C 252     28-21  28-20 

19  H 19     2-13  2-28 

22  0 176     19-70  19-57 

4  PbO 447     49-96  4995 

3C»H607,4PbO  +  HO  894     lOO'OO     10000 


22.  Rhustannic  Acid. 

J.  Khittel.     Pharm.  Viertelj.  7,  348. 

In  the  leaves  of  Bhm  Toxicodendron,  —  The  ethereal  extract  of  the 
pulverised  leaves  is  shaken  up  with  warm  water  ;  the  liquid  is  filtered 
and  set  aside  for  two  days ;  and  the  new  deposit  which  then  forms  is 
removed  by  a  second  filtration,  and  mixed  with  a  small  quantity  of 
neutral  acetate  of  lead,  to  precipitate  sulphuric  and  phosphoric  acids. 
The  filtrate  is  then  completely  precipitated  by  neutral  acetate  of  lead,  and 
the  precipitate  collected,  washed,  and  dried  at  110°.  —  By  decomposing 
the  stiU  moist  lead-salt  under  water  with  hj^drosulphuric  acid,  the 
aqueous  acid  is  obtained,  having  a  slight  bitter  taste  and  acid  reaction ; 

2  M  2 
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when  evaporated  it  leaves  an  amorphous,  yellowish  groen  varnish.  The 
aqueous  acid  colours /erne  chloride  dark  green,  and  forms  Avith  it  a  pre- 
cipitate of  the  same  colour  ;  it  colours  tartar-emetic  deep  yellow  with- 
out precipitation,  and  renders  gelatin-solution  turbid  when  concentrated. 

Lead-salt.  Khittel. 

18  C  108     ....  24-00     24-16 

14  H 14     ....  3-12     3-12 

13  0 104     ....  23-12     23-24 

2  PbO 224     ....  49-76     49-48 

CiSHHQW  2PbO 450     ....  100*00     lOO'OO 


23.  Eubitannic  Acid. 

C.  AViLLiGK.  Wien.  Ahad.  Ber.  8,  18  ;  J.  i^r.  CJiem.  58,  118  ;  Aim.  Pharm, 
82,  340  ;  Pharm.  Centr.  1852,  373  ;  Chem.  Gaz.  1852,  275. 

Occurrence,    In  the  leaves  of  Ruhia  tinctorum. 

Preparation.  The  aqueous  decoction  is  precipitated  with  neutral 
acetate  of  lead,  the  precipitate  digested  with  dilute  acetic  acid ;  the 
filtrate  precipitated  by  ammonia,  and  the  resulting  precipitate  washed 
with  alcohol  and  decomposed  under  alcohol  of  sp.  gr.  0'83  with  hydro- 
sulphuric  acid.  The  liquid  filtered  from  the  sulphide  of  lead  is  freed 
from  alcohol  by  distillation,  then  mixed  with  water,  and  precipitated 
by  basic  acetate  of  lead.  The  precipitate  is  decomposed  under  water 
by  hydrosulphuric  acid,  and  the  filtrate  evaporated  over  the  water- 
bath. 

Very  hygroscopic.  —  Coloured  red-brown  by  ammonia. 

Calculation  according  to  Willigk.  Willigk. 

28  C  168     42-96  43-09 

23  H 23     5-88  5-89 

25  0 200  51-16  51-02 

2Ci'>H809  +  7aq 391  100-00  100-00 

It  still  retained  a  small  quantity  of  ash. 

Ruhitannate  of  Lead.  —  The  decoction  prepared  from  the  fresh  herb 
is  precipitated  with  neutral  acetate  of  lead ;  the  precipitate  is  digested 
with  dilute  acetic  acid ;  and  for  the  preparation  of  the  lead-salt  «,  the 
acetic  acid  filtrate  is  precipitated  with  ammonia ;  the  precipitate  is  de- 
composed by  hydrosulphuric  acid  ;  and  the  filtrate,  after  being  freed 
from  excess  of  hydrosulphuric  acid,  is  precipitated  with  basic  acetate 
of  lead.  —  To  prepare  the  lead-salt  h,  the  acetic  acid  filtrate  is  precipi- 
tated with  basic  acetate  of  lead ;  the  precipitate  is  decomposed  under 
water  by  hydrosulphuric  acid,  and  the  filtrate,  after  being  freed  from 
hydrosulphuric  acid,  is  precipitated  with  neutral  acetate  of  lead.  — 
The  lead-salt  c  is  obtained  by  adding  neutral  acetate  of  lead  to  the 
decoction  of  the  dried  herb,  till  a  sample  of  the  precipitate  dissolves 
completely  in  acetic  acid  ;  removing  the  precipitate  formed  up  to  that 
stage  of  the  reaction ;  precipitating  the  filtrate  with  neutral  acetate  of 
lead ;  decomposing  the  precipitate  last  obtained  v/ith  hydrosulphuric 
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acid ;  heating-  the  filtrate  to  expel  the  excess  of  that  rcaA'eiit ;  and  then 
precipitatnig  with  neutral  acetate  of  lead. 


^-  ^  b. 

^^120°.  Schwarz.  In  vacuo.  Schwarz. 

II  S  ^Vll     ••••     ll'-'^O         56  C    20-13     ....     19-97 

'0  H  1.39     ....       1-42         33  H   1-98     ....       2'19 

17-79 
60-16     ....     60-05 


55  O   12-26     ....     12-34         37  O   17-73 

24  PbO  74-64     ....     74-74  9  PbO 


CroH5oo55,24PbO.,..  100-00     ....  100-00        C-'^IPsos^gPbO....  lOO'OO 


100-00 


c. 


atlOr.  Schwarz. 

28  C 14-79     14-74 

19  H 1-67     1-63 

21  0 14-79      14-97 

7  PbO 68-75     68-66 


C23ni902i,7PbO 100-00     100-00 

a  perhaps  therefore  =  Q^^R^O'^ ,6VhQ  +  2d.q. ;  h  =  4Ci«tF09,9PbO +  aq. ;  c  = 
2C'^H«0^7PbO  +  3aq.     (Schwarz.)  '  i« 

24.  Valerotannic  Acid. 

CzYRNiANSKi.     Ami.  Pliarm.  71,  21. 

When  fresh  valerian -roots  are  exhausted  with  hot  absolute  alcohol, 
the  tincture  precipitated  with  alcoholic  sugar  of  lead,  and  the  filtrate 
l^recipitated  with  ammonia,  lead-salts  of  two  acids  are  obtained. 

a.  The  precipitate  formed  by  neutral  acetate  of  lead,  yields,  when 
washed  with  boihng  alcohol,  and  decomposed  under  water  with  hydro- 
sulphuric  acid,  a  tannic  acid,  which  easily  decomposes  in  contact  with 
the  air,  is  coloured  red  by  oil  of  vitriol,  quickly  reduces  silver-salts, 
and  turns  brown  when  its  ammoniacal  solution  is  exposed  to  the  air. 
This  acid  does  not  colour  ferric  chloride  green  ;  it  forms,  with  baryta, 
a  white  salt,  which  turns  brown  in  contact  with  the  air.  Its  lead-salt, 
precipitated  yellowish-white  by  neutral  acetate  of  lead,  turns  green 
in  contact  with  the  air,  and  contains,  on  the  average,  17*45  p.  c.  C, 
1-86  H.,  13-52  0.,  and  67*17  PbO.,  agreeing  with  the  lead-salt  of  an 
acid,  C^*II«0«. 

h.  The  precipitate  obtained  with  ammoniacal  acetate  of  lead,  yields, 
when  decomposed  by  hydrosulphuric  acid,  an  acid  which  has  a  shglit 
sour  taste,  appears  to  crystallise  when  evaporated  in  a  stream  of 
hydrogen,  reduces  silver-salts  like  the  acid  or,  but  does  not  form  an 
insoluble  baiyta-salt.  The  lead-salt,  precipitated  by  basic  acetate  of 
lead,  contains,  on  the  average,  15*16  p.  c.  C,  1*68  H.,  14*30  0.,  and 
68*86  PbO,  corresponding  with  the  lead-salt  of  an  acid,  C^^h^O^ 

25.  Xanthotannic  Acid. 

A.  Fereein.     Pharm.  Viertelj.  8,  1. 

Obtained  from  elm-leaves  reddened  in  the  autumn.  The  coarsely 
pulverised  dried  leaves  are  exhausted  with  alcohol;  the  extract  is 
evaporated  and  filtered  to  remove  the  wax  which  separates  out ;  the 
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filtrate  is  precipitated  with  water ;  the  liquid  again  filtered,  and  then 
precipitated  with  neutral  acetate  of  lead.  The  precipitate  is  collected 
(the  filtrate  yields,  with  ammonia,  another  precipitate  of  the  same  composition), 
and  decomposed  under  water  with  hydrosulphuric  acid,  whereby  an 
insipid,  or  if  much  concentrated,  an  astringent  filtrate  is  obtained, 
precipitable  by  isinglass.  —  The  lead-salt  is  insoluble  in  acetic  acid. 


Ferrein. 

Lead-salt  at  lOOV 

mean. 

28  C 

168     

30-39     ... 

....     29-60 

18  H 

18     

3-26     ... 

....       3-21 

4  O 

32     

5-79     ... 

....       6-06 

3  PbO 

336     

60-56     ... 

....     61-13 

C-^H'^OS3PbO 554     lOO'OO     100-00 

26.  Xylochloric  Acid. 

L.  Bley,  Jun.     iV.  Br.  Arch.  94,  129. 

A  green  colouring  matter,  which  sometimes  forms  on  decayed 
pieces  of  wood,  and  makes  the  whole  mass  appear  green.  Pieces  of 
wood 'of  this  kind  do  not  undergo  any  change  in  water,  alcohol,  or 
ether,  but  impart  the  green  colour  to  alkaline  liquids. 

Fi'om  Beechwood. — When  the  colouring  matter  is  extracted  from 
the  green  wood  by  twice  treating  it  with  aqueous  ammonia  of  the 
strength  of  5  per  cent.,  and  the  olive-green  filtrate  is  mixed  with 
hydrochloric  acid,  dark  green  flocks  are  precipitated,  which,  after  being 
washed  with  water,  dry  up  to  a  dark  green  friable  mass.  This  sub* 
stance  is  decomposed  by  heat,  giving  off  acid  vapours  without  melting ; 
it  is  insoluble  in  water,  alcohol,  and  ether,  is  not  perceptibly  altered 
by  hydrochloric  acid,  but  is  carbonised  by  oil  of  vitriol.  It  still  con- 
tains ash,  idtrogen,  and  water. 

The  ammoniacal  solution  of  this  (impure)  xylochloric  acid,  has  a 
deep  olive-green  colour,  is  neutral  after  the  excess  of  ammonia  has 
been  expelled,  and  yields,  by  spontaneous  evaporation,  a  residue  com- 
pletely soluble  in  water.  It  forms  a  dingy  green  precipitate  with 
ferric  chloride,  olive-green  with  cupric  sulphate  and  mercurous  nitrate, 
and  precipitates  nitrate  of  silver,  after  some  time  only,  with  partial 
reduction  of  the  silver.  When  it  is  precipitated  by  neutral  acetate  of 
lead,  the  supernatant  solution  appears  colourless,  and  the  dingy  green 
flocks  from  different  preparations  exhibit,  after  drying  at  110°,  whereby 
they  lose  10  p.  c.  of  their  weight,  the  composition  a  and  h. 


Calculation  accordi 
30  C  

nff  to  Bley. 

.     25-67     .. 
.       3-71     .. 

.     38-79     .. 
.     31-83     ... 

Bley. 
a. 

.     25-91 
.       3-85 
.     38-57 
.     31-67 

Calculation  according  to  Bley. 
90  C  25-49     . 

Bley. 
..     25-38 

26  H  

34  O  

2  PbO 

30  H 1-42     . 

54  O  20-40     . 

10  PbO 52-69     . 

1-48 
..  19-63 
.     53-51 

C30H26O3i,2PbO... 

.  100-00     ... 

.  100-00 

3C30Hi0HiM0PbO....  10000    , 

..  100-00 
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Page  3. 

P)jrrol-red.  —  0.  Hesse  lias  observed  this  substance  among  the  pro- 
ducts of  the  putrefaction  of  yeast  {J.  pr.  Chem.  70,  44).  On  distilUng 
the  putrefied  yeast  at  a  moderate  heat,  a  large  number  of  fatty  acids, 
volatile  bases,  &c.,  are  given  off ;  and  on  subjecting  the  residue  to  dry 
distillation,  amylamine  and  ammonia  are  evolved,  together  with  a  sub- 
stance, which,  when  its  hot  solution  is  mixed  with  hydrochloric  acid, 
is  immediately  converted  into  a  thick,  red,  amorphous  mass  of  pyrrol- 
red  ;  hence  it  appears  probable  that  pyrrol  is  formed  in  the  decompo- 
sition of  the  carcases  of  infusoria. 

The  pyrrol-red  obtained  as  above,  after  being  well  washed  and 
dried  in  vacuo,  formed  a  black  shining  mass,  which  yielded  a  coffee- 
coloured  powder  ;  it  was  sparingly  soluble  in  water,  ether,  acids,  and 
ammonia,  easily  in  alcohol.  It  gave,  by  analysis,  ^Q'Q  p.  c.  carbon, 
7*1  hydrogen,  and  8*8  nitrogen ;  also  a  small  quantity  of  sulphur, 
probably  an  impurity  arising  from  the  decomposition  of  some  of  the 
other  products  of  the  putrefaction  of  the  yeast. 


Page  57. 
Appendix  to  Physodin, 

Ceratophyllin. 

0.  Hesse.    Ann.  Pharm.  119,  365. 

Occurs,  together  with  physodin,  in  Parmelia  ceratophylla,  var. 
physodes  (also  called  Parmelia  physodes). 

Preparation.  About  3  lbs.  of  the  lichen,  after  being  washed  with 
water  is  stirred  up  with  clear  lime-water ;  the  alkahne  solution  is 
neutralised  with  hydrochloric  acid ;  and  the  resulting  yellowish  grey 
flocculent  precipitate  is  washed  several  times  with  cold  water  to  remove 
the  excess  of  acid,  then  collected,  dried  in  the  air  and  freed  from 
uncrystallisable  matter  by  digestion  with  boihng  alcohol  of  75  p.  c. 
The/e  then  remains  a  dark  green,  soft,  elastic  mass,  probably  contain- 
ins:  physodin  and  usnic  acid,  to  remove  which,  the  mass  is  boi  ed  with 
stron/ soda-ley.  A  dark  brown  Uquid  is  thus  obtamed,  which,  on 
cooling,  deposits  ceratophyllin  unmixed  with  either  of  the  substances 
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just  mentioned.  It  may  be  separated  from  the  mother-liquor  by 
filtration,  and  purified  by  recrystallisation  from  boiling  alcohol  with  the 

aid  of  animal  charcoal.  When  the  lichen,  without  previous  washing,  is  stirred  up 
with  thin  milk  of  lime,  the  yellowish  filtrate  does  not  yield  any  precipitate  with  hydro- 
chloric acid.  The  precipitate  formed  as  above  described  is  particularly  abundant  when 
the  lichen  has  been  obtained  from  birch-stems,  and  the  maceration  has  not  been  con- 
tinued for  more  than  15  hours. 

Properties.  Thin,  white  prisms,  which  when  placed  upon  the  tongue 
produce,  at  first,  a  slightly  irritating  taste,  soon  becoming  rather 
strongly  perceptible  in  the  throat ;  subsequently  a  persistent  burning 
sensation  is  experienced  on  the  tongue.  Melts  at  147°  to  a  colourless 
liquid,  and  solidifies  in  the  crystalline  form  between  136°  and  138°. 
It  begins  to  sublime  even  at  the  melting  point,  and  at  a  somewhat 
higher  temperature  subhmes  very  easily  and  without  alteration  in  thin, 
colourless  laminse. 

Ceratophyllin  appears  to  be  a  higher  homologue  of  orsellate  of 
ethyl,  C^ir^O^  (xii,  373);  its  melting  point  is  about  15°  degrees  higher 
than  that  of  the  latter. 

Ceratophyllin  is  much  more  soluble  in  hot  water  than  in  cold ;  it 
dissolves  readily  in  alcohol^  ether^  potash-ley,  aqueous  ammonia,  and  lime- 
water.  The  alcoholic  solution,  which  has  a  neutral  reaction,  is  coloured 
purple-violet  by  a  small  quantity  of  ferric  chloride,  blood-red  by  solution 
of  chloride  of  lime,  the  latter  colour  being  destroyed  by  excess  of  the 
reagent;  no  precipitate  with  alcoholic  sugar  of  lead  or  nitrate  of 
silver.  From  the  ammoniacal  solution,  hydrochloric  acid  throws  down 
the  ceratophyllin  in  thin  prisms.  Ceratophyllin  dissolves  in  dilute 
nitric  acid,  the  solution  acquiring  only  a  slight  yellow  tint  when  heated. 
Strong  sulphuric  acid  dissolves  it  without  alteration  at  ordinary  tem- 
peratures, but  chars  it  when  heated. 


Page  58. 

Leucic  Acid,  —  This  acid  is  produced  by  the  action  of  potash  or  of 
silver- oxide  on  bromo-caproic  acid  (Cahours,  Ann.  Pharm.  Suppl.  2,  78): 

Ci2H"Br04      +      KO,HO      =      KBr      +      C12H1206. 

Bromocaproic  acid.  Leucic  acid. 

Page  73. 

Starch-granules  in  the  Atmosphere.  —  Pasteur,  by  drawmg  air  for 
some  time  through  ajtube  containing  a  plug  of  gun-cotton,  to  arrest  the 
particles  of  dust  carried  along  by  the  current,  then  dissolving  up  the 
cotton  with  ether-alcohol,  leaving  the  dust  to  settle,  decanting  the 
liquid,  washing  the  dust  several  times  with  ether-alcohol,  and  then 
testmg  it  under  the  microscope  with  iodme-water,— has  shown  that 
starch-granules  constantly  exist  in  the  atmosphere.  —  Starch-granules 
are  also  found  in  the  dust  which  settles  on  floors,  furniture,  &c. 
(N,  Ann.  Chim,  Phys.  64,  29). 
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Page  83. 


Starch,  heated  with  bromine  and  water,  yields  a  solution  which  no 
longer  contains  free  bromine,  but  does  not  yield  any  crystallised  acid 
like  isobiglycolethylenic  acid  (p.  233),  or  any  other  crystallisable 
compound  (Barth  &  Hlasiwetz,  Ann.  Fharm,  122,  111). 


Page  135. 


Cellulose  (cotton),  treated  in  like  manner  with  bromine  and  water, 
s  partially  dissolved,  but  yields  only  traces  of  an  acid  syrup  (Barth  & 


Hlasiwetz,  loc.  cit.). 

Paore  175. 


"O' 


Spontaneous  Decomposition  of  Pyroxylin  under  the  influence  of  dij 
light.  —  (Bonet,  Compt.  rend.  53,  405;  Zeitschr.  Ch.  Pharm.  5,  96.)  — 
Two  samples  of  pyroylin,  (a)  prepared  with  a  mixture  of  sulphuric  acid 
and  nitrate  of  potash,  (b)  with  nitro- sulphuric  acid,  and  both  kept  in 
stoppered  bottles  exposed  to  diffused  dayhght,  underwent  spontaneous 
decomposition  in  the  course  of  four  years  ;  a  decomposing  more  quickly 
than  6,  and  with  much  greater  energy.  In  both  cases  the  decompo- 
sition was  accompanied  by  the  evolution  of  red  vapours,  which  showed 
themselves  before  the  decomposition  was  complete. 

The  solid  residue  of  a  was  porous,  having  the  appearance  of  a  sub- 
stance which  had  been  more  or  less  fluid ;  that  of  b  was  compact,  hard, 
and  elastic,  had  more  or  less  of  a  gummy  aspect,  and  a  yellowish  white 
or  straw-yellow  colour ;  the  colour  of  the  residue  a  was  darker,  like 
that  of  sugar  somewhat  considerably  caramelised. 

In  both  cases  the  sides  of  the  bottles  were  covered  with  crystals 
of  oxalic  acid  (comp.  Hofmann,  p.  175)  ;  the  residue  of  b  was  also  pene- 
trated by  these  crystals  in  several  places. 

The  atmosphere  above  the  residue  b  was  strongly  acid,  and  con- 
tained carbonic  aud  formic  acids,  together  with  a  vapour  which  had  a 
great  attraction  for  water.  Some  indications  of  the  presence  of 
cyanogen  were  likewise  obtained ;  but  they  were  not  decisive.  The 
gas  did  not  give  any  indications  of  the  presence  of  either  of  the 
oxygen-compounds  of  nitrogen,  not  even  of  nitric  oxide. 

The  solid  residue  freed  from  oxalic  acid  by  alcohol,  left  a  white 
substance,  perfectly  soluble  in  water,  like  gum. 

According  to  Chevreul  (ComjU.  rend.  53,  407),  pyroxylin  may  bo 
kept  in  the  dark  for  ten  years  without  decomposing. 


Page  254. 

Conversion  of  Cane-sugar  into  Glucose  by  the  action  of  Acids.  — 
Lowenthal  &  Lenssen  (J.  pr.  Chem.  85,  321)  have  examined  the 
manner  in  which  this  reaction  is  affected  by  variations  in  the  propor- 
tions of  acid,  sugar,  and  water  present,  as  well  as  by  the  duration  of  the 
process  and  the  temperature  at  which  it  takes  place.  All  the  experi- 
ments were  made  at  the  atmospheric  temperature,  excepting  those 
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in  which  the  effect  of  change  of  temperature  was  the  special  object 
studied. 

1.  The  intensity  of  the  action  of  sulphuric  acid  upon  sugar 
diminishes  as  the  quantity  of  acid  increases  up  to  a  certain  point,  after 
which  it  increases  in  proportion  to  the  quantity  of  acid  used. — 
2.  The  action  is  proportional  to  the  quantity  of  sugar  present.  The 
same  quantity  of  acid,  treated  with  increasing  quantities  of  aqueous 
cane-sugar,  was  found  to  yield  quantities  of  glucose,  varying  from 
3*49  to  3*56  per  cent,  of  the  sugar  employed.  —  3.  The  intensity  of  the 
action  diminishes  to  a  certain  point  as  the  solution  is  more  dilute  ;  but 
beyond  that  point  the  intensity  of  the  action  increases  with  the  degree 
of  dilution.  —  4.  In  the  early  stages  of  the  reaction  its  intensity  con- 
tinually increases,  but  as  soon  as  2  at.  glucose  have  been  formed  for 
every  5  at.  acid,  it  progressively  diminishes. 

A  solution  of  cane-sugar  left  to  itself  for  about  a  fortnight,  is 
found  to  contain  glucose ;  no  alteration  is  however  perceptible  in  it  at 
the  end  of  24  hours,  even  if  it  has  been  kept  at  the  boihng  heat ,  but 
if  it  be  heated  under  pressure  with  a  small  quantity  of  acid,  a  very 
energetic  action  takes  place,  increasing  with  the  temperature. 

All  monobasic  viineral  acids  modify  sugar  in  the  same  degree.  The 
neutral  salts  of  these  acids,  on  the  contrary,  have  no  action  upon  it ; 
nevertheless,  their  presence  accelerates  the  action  of  acids  on  sac- 
charine solutions  :  thus  the  transformation  of  cane-sugar  into  glucose 
by  hydrochloric  acid  takes  place  much  more  quickly  on  the  addition  of 
chloride  of  calcium.  The  neutral  salt  however  acts  only  when  at 
least  2  molecules  of  acid  are  present  to  5  molecules  of  the  salt;  more- 
over its  effect  is  limited  to  the  earlier  stages  of  the  action ;  after  the 
lapse  of  a  few  hours,  the  action  goes  on  as  if  there  were  no  neutral  salt 
present.  —  Nitric,  hydriodic  and  chloric  acids,  act  in  presence  of  their 
neutral  salts  in  the  same  manner  as  hydrochloric  acid  with  chloride  of 
calcium.  —  Lowenthal  &  Lenssen  attribute  the  effect  of  neutral  salts 
to  their  power  of  combining  with  a  portion  of  the  water,  and  thus 
increasing  the  strength  of  the  acid. 

Page  290. 
Colloidal^  condition  of  Sucrates.  —  (Graham,  Chem.  Soc.  J.  15,  255). 

*  The  term  colloidal  is  applied  by  Graham  to  a  class  of  bodies — of  which  gelatin 
may  be  regarded  as  the  type — which  possess  but  little  difFusibility, — form  gelatinous 
hydrates, — are  remarkably  inactive  in  their  chemical  relations, — incapable  of  crystal- 
lising,— and  though  largly  soluble  in  water,  are  yet  retained  in  it  by  a  very  feeble  force. 
—  Such  are  aqueous  silicic  acid,  aqueous  alumina,  starch,  dextrin,  the  gums,  caramel, 
tannin,  albumin,  gelatin,  vegetable  and  animal  extractive  matters. — Those  sub- 
stances, on  the  contrary,  which  are  capable  of  crystallising  and  exhibit  a  high  degree  of 
diffusibility  are  called  crystalloids.  Liquid  colloids  appear  to  have  always  a  pectous 
or  curdled  modification,  and  often  pass  into  that  condition  under  the  slightest  influences. 
Many  solid  colloidal  substances,  such  as  the  jelly  of  starch,  that  of  animal  mucus,  of 
vegetable  gelose,  &c.,  are  easily  permeable  to  crystalloidal  substances,  but  offer  great 
resistance  to  the  passage  of  colloids,  like  themselves.  Hence  a  septum  of  such  sub- 
stance affords  an  excellent  means  of  separating  crystalloidal  from  colloidal  substance, 
in  solution.  A  very  convenient  apparatus  for  the  purpose  consists  of  a  sheet  of  parch- 
ment-paper stretched  over  a  hoop  like  a  drum,  which  is  then  caused  to  float  upon  a  large 
quantity  of  pure  water,  the  mixed  colloid  and  crystalloid  solution  being  poured  upon  its 
upper  surface.  Such  an  apparatus  is  called  a  *'  dialyser,"  and  the  separation  of  ciystal- 
loids  from  colloids  in  this  manner  is  called  '*  dialysis." 
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Sucrate  of  Lime.  —  The  solution  of  lime  in  sugar  forms  a  solid  coa- 
g'ulum  when  heated,  and  at  a  high  temperature  is  probably  entirely 
colloidal.  The  solution  obtained  on  cooling  passes  through  a  septum 
of  parchment-paper,  but  requires  a  much  longer  time  than  a  true 
crystalloid  like  chloride  of  calcium. 

Sucrate  of  Uranyl.  —  A  colloVdal  compound  is  obtained  by  adding 
potash  to  a  mixture  of  uranic  nitrate  or  chloride  with  sugar,  avoiding 
heat.  The  solution  is  of  a  deep  orange  colour,  and  on  the  dialyser 
soon  loses  the  whole  of  its  acid  and  alkali.  The  fluid  sucrate  has  con- 
siderable stabihty,  but  is  readily  pectised  (coagulated)  by  salts,  with 
separation  of  a  basic  sucrate  which  is  soluble,  to  a  considerable  extent, 
ill  pure  water. 

Ferric  Sucrate.  —  Ferric  chloride  mixed  with  sugar  is  not  precipitated 
by  potash,  provided  the  temperature  is  not  allowed  to  rise.  The  ferric 
oxide  combined  with  the  sugar  is  colloidal  and  remains  without  loss  on 
the  dialyser.  At  a  certain  stage,  however,  the  sugar  appears  to  leave 
the  ferric  oxide ;  a  gelatinous  ferric  subsucrate  poetises.  The  basic 
sucrate  thrown  down  from  the  soluble  sucrate  by  the  addition  of  sulphate 
of  potash,  consisted  of  about  22  pts.  sugar,  to  78  pts.  ferric  oxide. 

Cupric  Sucrate.  —  The  deep  blue  liquid  obtained  by  adding  potash  to 
a  mixed  solution  of  cupric  chloride  and  sugar,  appears  to  contain  a 
colloidal  substance.  It  loses  by  dialysis  the  whole  of  its  potassium 
and  chlorine,  a  colourless  liquid  passing  through  the  dialyser,  and  a 
green  liquid  remaining,  consisting  of  a  compound  of  sugar  with  cupric 
oxide.  This  solution,  when  mixed  with  salts  or  acids  (even  acetic 
acid)  deposits  a  bluish-green  pectous  precipitate  (containing  about 
1  pt.  sugar  to  2  pts.  cupric  oxide) ;  when  heated  strongly,  it  also 
yields  a  bluish  green  precipitate,  and  does  not  allow  the  protoxide  of 
copper  to  be  easily  reduced  to  dioxide.  When  evaporated,  it  leaves 
transparent  emerald-green  films,  which  are  not  altered  by  alcohol 
either  cold  or  boiling,  but  are  resolved  by  water  into  sugar  and  the 
pectous  bluish-green  compound  above-mentioned. 

The  blue  solution  of  cupric  tartrate  in  caustic  potash  contains  a 
colloidal  compound  which  has  not  yet  been  fully  examined. 


Page  201. 

Caramelane.  (Gelis,  N.Ann.  Chim.  Fh7/s.65y  497.)  —  This  substance 
may  be   obtained   quite   colourless,    by   operating*    on    starch-sugar 

[  ?  by  heating  it  for  some  time  to  190°,  and  operating  as  described  at  page  291] 
and  decolorising  the  product  with  crude  animal  charcoal.  This  colour- 
less caramelane,  as  well  as  the  coloured  product  described  at  page  291, 
is  not  capable  of  reproduing  sugar. 

If  caramel  be  prepared  without  attention  to  the  precautions  indi- 
cated by  Gelis  [heating  sugar  for  some  time  to  a  temperature  not  below  190°], 
if,  for  example,  the  heat  is  too  low,  or  not  continued  long  enough,  the 
portion  of  the  caramel  which  is  soluble  in  alcohol,  contains  a  large 
quantity  of  glucosan  as  well  as  caramelane.  Glucosan  is  likewise 
colourless,  and  is  distinguished  from  caramelane  by  its  power  of  repro- 
ducing the  sugar  from  which  it  was  derived,  when  subjected  to  certain 


540  ADDENDA. 

influences,  especially  to  the  action  of  water  or  dilute  acids.  This 

property,  akeady  noticed  by  Gelis   (N.  Ann.  Chirn.  Phys.  bl^  234), 

explains  a  fact  recently  observed  by  Pohl,    (sec  p.  249)  namely,  that 
certain  caramels  regain  their  saccharine  taste  by  keeping. 


Page  293. 

Caramelin  (Graham,  Chem.  Soc.  J.  15,  258).  —  When  crude 
caramel,  obtained  by  heating  cane-sugar  to  210°  —  220°,  is  placed  on 
the  dialyser,  certain  colouring  matters  of  intermediate  composition, 
the  caramel  ane  and  caramelene  of  Gelis  pass  through,  and  caramelin, 
the  most  highly  carbonised  compound  of  the  three,  remains  behind. 
This  purified  caramel  (which  may  also  be  obtained  from  crude  caramel, 
by  repeatedly  precipitating  the  aqueous  solution  with  alcohol  till  the 
precipitate  is  no  longer  plastic,  butj  pulverulent,)  possesses  five 
times  the  colouring  power  of  the  original  caramel.  A  solution  con- 
taining 10  per  cent,  of  it  is  gummy,  and  changes,  on  standing,  to  a 
jelly  perfectly  soluble  both  in  hot  and  in  cold  water ;  the  solution 
dries  up  in  vacuo  to  a  black  shining  mass,  which,  so  long  as  it  retains 
a  certain  amount  of  water,  is  still  tough  and  elastic.  If  this  purified 
caramel  be  carefully  dried  at  a  comparatively  low  temperatm-e,  it 
remains  soluble  in  water  after  being  heated  to  120°,  but  if  the  solution 
be  at  once  evaporated  to  dryness  at  100°,  the  caramel  becomes  inso- 
luble both  in  cold  and  in  hot  water.  Purified  caramel  gave,  by 
analysis,  54*59  p.  c.  carbon,  answering  nearly  to  the  formula 
C^^H^^Qis^  which  requires  55*17  p.  c. ;  Gehs  (N.  Ann,  Chim,  Phys.  52^  377, 
obtained  in  two  analyses  of  his  caramelin  55*06  and  55*11  p.  c.  carbon). 

A  solution  of  pure  caramel  (caramelin)  is  tasteless,  and  lias  a 
neutral  reaction.  The  caramel  is  precipitated  from  it  by  the  smallest 
quantity  of  mineral  acids,  alkaline  sulphides,  chloride  of  sodium,  and 
most  other  salts,  and  by  alcohol,  as  a  brownish  black,  pulverulent  sub- 
stance, insoluble  in  water,  whether  cold  or  hot.     In  the  crude  product  of 

the  roasting  of  sugar,  the  caramel  is  protected  from  the  action  of  these  bodies  by  the 

intermediate  brown  substances  present.  The  caramel,  thus  rendered  insoluble, 
swells  up  to  a  jelly  in  dilute  potash-ley,  and  dissolves  when  the  liquid 
is  warmed.  On  dialysing  this  solution,  the  proportion  of  potash  in  it 
is  quickly  reduced  to  about  9  per  cent.,  and  if  acetic  acid  be  then 
added,  the  whole  of  the  potash  passes  through  the  dialyser,  and  pure 
caramel  remains  behind. 


Page  357. 

Mannite  in  the  Olive, 
De  Luca.     Comjit.  rend.  55,  506. 

Mannite  exists  in  all  parts  of  the  olive,  especially  in  the  leaves, 
flowers,  and  fruits  of  the  olive,  in  quantities  varying  with  the  season. 

The  leaves  when  macerated  for  some  days  in  strong  alcohol,  give 
up  water,  which  passes  into  the  alcoholic  solvent,  and  at  the  same 
time  mannite  separates  out  upon  their  surface  in  stellate  groups  of  silky 
needles.     When  the  leaves  are  treated  with  boiUng  alcohol,  the  liquid. 
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on  cooling',  deposits  mannite  mixed  with  other  substances  soluble  in 
alcohol. 

The  leaves  in  the  earlier  stages  of  their  growth  contain  but  a 
small  quantity  of  mannite  ;  it  increases  as  they  develop,  but  diminishes 
during  the  flowering  time,  and  while  the  leaves  are  beginning  to 
assume  their  green  tint ;  and  disappears  entirely  when  they  turn  yellow 
and  fall  off. 

The  following  table  shows  the  quantities  of  mannite  obtained  from 
the  leaves  of  different  olive  trees,  growing  in  the  neighbourhood  of 
Pisa. 


Time  of 

Gathering. 

"Weight  of  Leaves. 

Mannite  obtained. 

Moist. 

Dry. 

r 
Total. 

Per  cent. 

1. 

5  November 
12 

19 
28 
7  December, 
14 
24 

6  January, 
16 

26 

4  February, 

4 
14            „ 
21 

1     March, 
12 
23 

4      April, 
14 
25 

1861 

grms. 

265-0 
120-0 
430  0 
104-0 
222-0 
225-0 
140-0 
263-0 
198-0 
324-0 
350-0 
418-0 
324-0 
381-0 
139-0 

97-0 
171-0 
155-0 
167-0 

97-0 

grms, 

139-1 
100-3 
209-8 

95-0 
116-3 
139-5 
106-9 
164  3 
126-3 
177-2 
212-1 
212-7 
229  3 
157-9 
124-7 

49-5 
130-8 
127-9 
163  -7 

90-8 

grms. 

0-597 
0-128 
0-972 
0-253 
1-468 
1-005 
0-394 
0-583 
1065 
1  -425 
0-872 
1-506 
1-286 
0-375 
0-837 
0-333 
0-545 
0-060 
0-424 
0-035 

grms. 
0-43 

2. 

0-12 

3. 

0-61 

4. 

" 

0-26 

5. 

1861 

1-25 

6. 

0-72 

7. 
8. 

IS62ZZZZZ. 

0-37 
0-36 

9. 

0-84 

10. 

0-71 

11. 

1802    .    ..    . 

0-41 

11  bis. 

0-70 

12. 

0-56 

13. 

0-23 

14. 

1862     

0-67 

15. 

0-67 

16. 

0-42 

17. 

18. 

1862 

0-05 
0-26 

19. 

0-04 

The  next  table  gives  the  quantities  of  mannite  obtainied  from 
leaves,  gathered  on  the  26th  of  February,  1862,  from  13  different 
olive-trees  growing  in  the  Botanic  Garden  at  Naples, 
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Time  of  Gathering. 


Weight  of  Leaves. 


Moist. 


Dry. 


Mannite  obtained. 


Total. 


N 

Per  cent. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 


26  Feb 


uary,  1862 


grms. 

102  0 
140-0 
126-0 
165-0 
141-0 
122  0 
78-0 
95-0 
103-0 
120-0 
125-0 
105-0 
181-0 


grms. 


52-0 

67-2 

64 

87 

70 

66 

38 

50 

56 

65-7 

65  0 

56-6 

63-9 


grms. 

0-285 
0-901 
0-525 
1-360 
0-874 
0*440 
0  -232 
0-514 
0-710 
0-724 
0-680 
0-489 
0-853 


grms. 

0-55 
1-32 
0-82 
1-54 
1-23 
0-66 
0-61 
1-03 
1-26' 
1-10 
1  04 
0-86 
1-33 


The  percentage  of  mannite  is  calculated  on  the  leaves  dried  between  110* 
and  120°. 

A  comparison  of  the  two  tables  shows  that  the  leaves  of  olives  grown 
at  Naples  contain  a  larger  quantity,  than  those  grown  at  Pisa,  and 
gathered  at  the  same  time  of  year. 

The  Jlouie?^s  of  the  olive,  in  the  month  of  June,  contain  a  conside- 
rable quantity  of  mannite,  which  may  be  extracted  by  alcohol,  but 
after  fecundation  it  disappears  altogether  from  the  flowers,  so  that  those 
which  fall  on  the  ground  contain  none. 

The  fi^uit  of  the  olive,  even  when  scarcely  formed,  contains  a  con- 
siderable quantity  of  mannite,  so  that  when  young  olives,  which  can 
scarcely  be  separated  from  the  flower,  are  immersed  for  some  time  in 
alcohol,  the  liquid  spontaneously  deposits  mannite,  and  the  mother- 
liquor  yields  an  additional  quantity  when  evaporated  to  a  third  of  its 
bulk.  — The  olives  are  found  to  contain  mannite  so  long  as  they  remain 
green ;  but  the  quantity  continually  diminishes  as  they  approach 
maturity,  and  disappears  altogether  when  they  are  quite  ripe  and  no 
longer  green,  and  contain  their  maximum  quantity  of  oil. 

Chlorophyll,  or  an  analogous  green  substance,  which  constantly 
accompanies  mannite  in  the  leaves  and  fruit  of  the  olive,  hkewise  dis- 
appears simultaneously  with  it,  so  that  the  yellow  leaves  and  the  ripe 
olives  contain  neither  mannite  nor  chlorophyll.  The  increase  of  the 
proportion  of  these  two  substances,  during  the  period  of  development 
of  the  fixed  oil,  and  their  disappearance  when  the  olives  contain  their 
maximum  of  oil,  seems  to  show  that  they  contribute  in  some  way  to 
the  formation  of  the  fatty  matter. 

When  the  alcoholic  solution  of  mannite,  obtained  either  from  the 
leaves  or  from  the  fruit  of  the  olive,  has  deposited  the  whole  of  the  crys- 
tallisable  mannite,  the  mother-liquor,  if  left  for  some  weeks  to  evaporate 
in  the  air,  is  converted  into  a  viscous  substance,  which  gradually  yields 
a  fresh  crop  of  crystals  of  mannite  separable  by  boiling  alcohol.  This 
seems  to  show,  that  the  mannite  in  the  leaves  and  fruit  is  accompanied 
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oy  mannitan,  which,  on  exposure  to  the  air,  takes  np  the  elements  of 
water,  and  is  converted  into  mannite. 


Pages  384,  389. 

Identity  of  Melampyrite  and  Dulcite. 

L.  Gilmer.     Ann.  Pharm.  123,  372. 
Erlenmeyer  «fc  Wanklyn.  Chem.  Soc.  J".  15,  455. 

The  identity  of  these  two  bodies  is  shown  by  comparison  of  their 
crystalhne  forms,  composition,  and  reactions. 

Melampyrite  (from  Melampyrum  nemorosum\  crystallises  from'  a 
moderately  warm  aqueous  solution  in  transparent,  colourless,  shining 
prisms,  of  the  oblique  prismatic  (monoclinic)  system,  with  octahedral 
summits,  the  edges  of  which  are  truncated  by  the  faces  of  an  orthodia- 
gonal  dome,  or  the  combination  by  ooP  .  +  P  .  —  P  .  +  Poo  .  —  Poo . 
Inclinations  of  the  faces,  oo  P  :  oo  P  =  112°  ;  +  P  :  —  P  =  115°  45'  ; 
00  P  :  +  P  =  134°  45'  (Gilmer). 

The  crystals  of  dulcite  are  described  by  Laurent  as  monoclinic 
prisms,  having  their  obtuse  edges  symetrically  truncated,  together 
with  the  octahedral,  and  the  basal  end-faces,  oo  P  :  oo  Poo  :  -f  P  .  — 
P  .  0  P  .  Inclination  of  ooP  :  ooP  =  112°  ;  +  P  :  -  P  =  115°  2G'; 
ooP  .  +  P  =  134°  42'  (see  page  385).  The  crystals  of  dulcite  and 
melampyrite  are  therefore  identical,  so  far  as  regards  their  primary 
forms  and  chief  modifications ;  in  both  bodies  also  they  are  generally 
aggregated  in  crusts.  Both  are  slightly  sweet,  optically  inactive,  and 
not  capable  of  fermenting  with  yeast. 

The  melting  point  of  melampyrin,  as  determined  by  Gilmer,  is  180° 
(uncoiTccted) ;  according  to  Eichler  (p.  390)  it  is  186°  ;  that  of  dulcite 
is  190°  (Laurent);  182°  (Jacquelain).  Both  bodies  crystaUise  from 
fusion. 

The  composition  of  melampyrite,  agrees  with  the  formula  of  dulcite, 
(jiajjuQu^  a  result  corroborated  by  the  analysis  of  the  baryta-com- 
pound. 


MelampyriU 
12  C 72     

',  at  UQ>\ 
.     39-56     . 
7-69     . 
.     52-75     . 

Gilmer. 

39-46     . 

7-87     .. 

52-67     . 

Erlenmeyer 
&  Wanklyn. 
..    39-7     ;...    39-33 

14  H.., 14     

..       7-9     ....       7-90 

12  0 96     

..     52-4     ....     52-77 

C12H14012  ....  182     100-00     . 

Baryta-compound,  t 
12  C 72 

100-00     . 

It  140'. 

22-7 

3-8 

25-2 

48-3     . 

..  100-0     ....  100-00 

Gilmer. 
22-4 

12  H 

10  O 

12 

80 

4'! 

23-6 

2  BaO 

153 

49-9 

Ci2H'2Ba20i2... 

317 

100-0     . 

100-0 
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Baryta-compound  dried  over  oil  of  vitriol,  Gilmer. 

12  C 72  18-0 

12  H ^ 12  3-0 

10  0 80  20-3 

2  BaO 153  38-4     38*6 

9  HO 81  20-3     20-0 

Ci2Hi2Ba20i2  +  9aq 298     lOO'O 

The  baryta-compound  of  dulcite,  air-dried,  contains  C^''^H^2Ba20^2  + i4aq^  (not 
Ci2Hi40i2.2BaO  +  14aq.,  as  stated  at  page  387).  {Lieb.  Kopp.  Jahresber.  1850,  p.  536.) 

Melampyrite  heated  to  275°  begins  to  give  off  water,  the  mass  at 
the  same  time  assuming  a  brownish  tint ;  [dulcite  appears  to  decom- 
pose at  a  somewhat  lower  temperature  (p.  385)].  —  Melampyrite 
heated  with  niti^ic  acid  yields  a  considerable  quantity  of  mucic  acid ; 
the  liquid  filtered  therefrom,  and  neutralised  with  carbonate  of  lime, 
yields  a  precipitate,  consisting  chiefly  of  oxalate  of  lime,  and  the  solu- 
tion, filtered  from  this  precipitate,  contains  a  substance  which  reduces 
an  alkaline  cupric  solution.  Dulcite  yields  the  same  products  together 
with  racemic  acid  (p.  386);  the  formation  of  the  latter  was  not 
observed  in  the  case  of  melampyrite,  probably  because  the  quantity 
operated  on  was  not  sufficient.  (Gilmer.)  —  Melampyrite  heated  in  a 
stream  of  carbonic  acid  with  hydriodic  acid  yields  iodide  of  caproyl 
(hexyl)j  together  with  water  and  free  iodine  (Erlenmeyer  &  Wanklyn). 

C12HW012  +  UHI  =  Q^m^n  +  12H0  +  I^*^. 

One  pt.  dulcite  dissolves  in  31*25  pts.  water  at  15°  ;  1  pt.  melam- 
pyrite dissolves  in  29*41  pts.  water  at  16°  (Gilmer);  in  34*01  pts.  at 
16*5  (E.  &.  W.).  Both  bodies  are  but  shghtly  soluble  in  alcohol. 
(Gilmer.) 

Melampyrite  and  dulcite  form,  with  sulphuric  acid,  conjugated  acids, 
the  baryta-salts  of  which  exhibit  similar  properties  (pp.  386,  392). 
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EEPOKT 


;•  THE  FOUETEENTH  ANNIVEESARY  MEETING 


OF  THE 


CAVENDISH  SOCIETY. 


The  Anniversary  Meeting  of  the  Cavendish  Society  for  the 
year  1861_,  was  held  at  the  rooms  of  the  Chemical  Society,  in 
Burlington  House,  on  Friday  the  1st  of  March|  at  three  o'clock 
in  the  afternoon. 

The  Chair  was  taken  by  Thomas  Graham,  Esq.,  F.R.S., 
President,  who  called  upon  the  Secretary  to  read 

THE  REPORT  OF  THE  COUNCIL. 

"  In  submitting  the  Annual  Statement  of  their  Proceedings  to 
the  Members  of  the  Cavendish  Society,  the  Council  trust  it  will  be 
found  that  satisfactory  progress  has  been  made  in  carrying  out  the 
object  to  which  their  efforts  have  recently  been  chiefly  directed — of 
completing  at  as  early  a  period  as  possible  the  translation  of  Gmelin's 
*  Handbook  of  Chemistry.'  The  generally  expressed  opinion  of 
Members,  and  the  decision  of  previous  Councils,  have  been  favourable 
to  the  adoption  of  this  course;  and  the  undiminished  support  afforded 
by  Subscribers  during  the  past  year  has  enabled  the  Council  to 
proceed  in  it  with  as  much  expedition  as  the  rate  of  production  of 
the  German  edition  of  the  work  would  admit.    The  fourteenth 


volume,  comprising  organic  compounds  with  twenty  and  twenty 
two  atoms  of  carbon,  has  just  been  completed,  and  is  now  being 
distributed  to  Subscribers  for  the  year  1860.  The  remaining 
portion  of  the  work  will  occupy  two  more  volumes,  and  there  is 
every  reason  to  believe  that  these  will  be  produced  with  the 
regularity  which  has  marked  the  progress  of  the  publication  of  the 
work  for  several  years  past.  The  Members  may,  therefore,  anti- 
cipate the  satisfaction  of  seeing  this — their  great — work  brought 
to  a  conclusion  in  about  two  years  from  the  present  time.  Arrange- 
ments have  also  been  made  for  the  preparation  of  a  complete  index 
to  the  work,  which  Mr.  Watts  has  undertaken,  and  which,  if  the 
Members  continue  to  give  the  requisite  support  to  the  Council,  may 
constitute  a  second  volume  for  the  year  in  which  the  work  is 
finished. 

''  During  the  progress  of  the  translation  of  the  organic  part  of 
the  work,  it  has  been  found  necessary  in  some  of  the  later  volumes 
to  introduce  much  new  matter  belonging,  according  to  the  arrange- 
ment adopted,  to  preceding  volumes,  and  resulting  from  investiga- 
tions made  since  their  publication.  In  volumes  nine,  ten,  twelve 
and  thirteen  there  are  377  pages  devoted  to  such  additional  matter, 
forming  appendices  to  those  which  preceded,  and  there  will  probably 
be  a  still  greater  quantity  of  matter  to  be  added  to  the  twn 
remaining  volumes  to  bring  even  the  organic  part  of  the  work  up 
to  the  then  existing  state  of  chemical  knowledge.  So  rapid,  indeed. 
is  the  progress  of  discovery  in  this  prolific  department  of  chemistr\ 
that  when  the  last  volume  of  Gmelin's  work  has  been  prepared,  i 
is  estimated,  if  the  three  departments  of  inorganic  and  organic 
chemistry  and  chemical  physics  be  included,  that  there  will  be  a 
sufficient  amount  of  new  matter  to  make  a  volume  annually  of  the 
size  of  those  hitherto  issued.  It  will  be  a  question  for  the  con- 
sideration of  the  Members  and  of  future  Councils  whether  the  annual 
publication  of  all  new  matter,  condensed  and  arranged  in  the  way 
in  which  this  was  originally  so  ably  done  by  Leopold  Gmelin,  and 
has  since  been  continued  by  Mr.  Watts,  would  not  constitute  a 
work  to  which  the  Cavendish  Society  might  apply  their  means 
with  advantage.  The  expense  of  preparing  such  a  work  would  bo 
rather  greater  than  that  of  merely  translating,  and  it  could  only  be 
undertaken  in  the  event  of    an  increased  nmnber  of  Subsciibers 


manifesting  a  disposition  to  support  the  Council  in  carrying  out 
this  object  if  it  should  be  thought  desirable. 

"  It  will  be  observed  on  reference  to  the  financial  statements  for 
this  and  previous  years  that  the  income  of  the  Society  has  to  some 
extent  been  derived  from  the  sale  of  books  which  were  issued 
several  years  ago,  and  of  which  more  copies  were  printed  than 
were  required  to  supply  the  Members.  The  arrangements  under 
which  this  distribution  of  the  surplus  copies  of  some  of  the  Society's 
works  has  been  effected,  has  fully  answered  the  purpose  contem- 
plated; a  large  number  of  valuable  scientific  works  have  been 
brought  within  the  reach  of  chemists  who  could  not  otherwise 
have  obtained  them,  and  increased  means  have  been  afforded 
the  Society  for  extending  its  operations  by  the  production  of 
new  books.  With  reference  to  the  early  volumes  of  Gmelin's 
*  Chemistry '  the  stock  has  by  this  means  been  greatly  reduced,  so 
that  only  a  limited  number  of  some  of  the  volumes  remain  on  hand, 
and  for  some  time  past  there  has  been  none  of  the  first  volume 
left.  The  Council  are  happy  to  say  that  they  have  made  an 
advantageous  arrangement  with  the  printers,  and  the  agent, 
Mr.  Harrison,  for  the  reprinting  of  the  first  volume  of  the 
<  Handbook '  without  entailing  any  pecuniary  responsibihty  on  the 
Society,  and  Members  or  others  whose  sets  of  the  work  are 
deficient  of  this  volume  may  now  obtain  it  at  59,  Pall  Mall. 
The  re-issue  of  this  volume  also  enables  the  Council  to  make  up  a 
few  complete  sets  from  Vol.  1  to  Vol.  12  inclusive,  which  will  be 
supplied  for  six  guineas,  the  previously  existing  arrangement  for 
the  disposal  of  sets  from  Vol.  2  to  Vol.  6  being  now  cancelled. 
Separate  volumes,  however,  from  Vol.  4  upwards,  may  be  obtained, 
as  there  are  found  to  be  several  such  left  after  making  up  as  many 
complete  sets  as  the  early  volumes  on  hand  would  admit  of." 
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It  was  resolved — 

"That  the  Report  just  read  be  received,  approved,  and  adopted." 

The  Meeting  then  proceeded  to  the  election  of  Officers  for  the 
ensuing  year,  and  the  following  Gentlemen  were  declared  to  have 
been  duly  elected : — 

Thomas  Gkaham,  F.R.S. 
Wict'lBttSitstnti, 


Peopessor  Beande,  F.E.S. 
Waltee  Ceum,  F.R.S. 
John  Davy,  M.D.,  F.R.S. 
ChaelesG.B.Datjbent,  M.D.,  F.R.S. 
The  Duke  oe  Devonshiee,  F.R.S. 
Michael  Faeadat,  D.C.L.,  F.R.S. 
John  Geaham,  F.C.S. 


A.   W.    HoEMANN,   Ph.  D.,   LL.D., 

F.R.S. 
Henet   Beaumont   Leeson,  M.D., 

F.R.S. 
W.  A.  MiLLEE,  M.D.,  F.R.S. 
Robeet  Poeeett,  F.R.S. 
William  Shaepet,  M.D.,  F.R.S. 


C0unr{T. 


G.  B.  BucEiTON,  F.R.S. 

DuGALD  Campbell,  F.C.S. 

P.  J.  Chabot,  M.A.,  F.R.A.S.,  F.C.S. 

"W.  Feeguson,  Esq. 

E.  Feankland,  Ph.D.,  F.R.S. 

J.  H.  GiLBEET,  Ph.D.,  F.R.S. 

Daniel  Hanbuey,  F.L.S. 

Chaeles  Heisch,  F.C.S. 


A.  W.  HoEMANN,  LL.D.,  F.R.S. 
N.  S.  Maskelyne,  F.C.S. 
Teenham  Reeks,  Esq. 
Aleeed  Smee,  F.R.S. 
J.  Denham  Smith,  F.C.S. 
R.  D.  Thomson,  M.D.,  F.R.S. 
A.  W.  Williamson,  Ph.D.  F.R.S. 
Colonel  Philip  Yoeke,  F.R.S. 


Geoege  Dixon  Longstaef,  M.D.,  9,  Upper  Thames  Street. 
Theophilus  Redwood,  Ph.  D,,  19,  Montague  Street,  Russell  Square. 


Collector. 

Me.  Thomas  West,  Burlington  House,  Piccadilly,  W. 

^Qtnt  fax  t^t  BiStttbutian  at  28oolt^,  ^c. 

Me.  F.  Haeeison,  59,  Pall  Mall,  S.W. 

It  was  resolved — 

"That  Drs.  De  la  Rue,  Odling,  and  Stenhouse  be 
appointed  Auditors  for  the  ensuing  year." 

The  following  Resolutions  were  unanimously  adopted  :— 

"That  the  thanks  of  the  Meeting  be  given  to  the  Pre- 
sident, Council,  and  OrriCEHS,  for  their  services  to  the 
Society." 

"  That  the  thanks  of  the  Meeting  be  given  to  the  Honorary 
Local  Secretaries  for  their  services  to  the  Society." 

"  That  the  thanks  of  the  Meeting  be  given  to  the  Chemical 
Society  for  the  use  of  their  rooms." 

THEOPHILUS  REDWOOD,  Secretary, 

19,  Montague  St.,  Russell  Square,  &  17,  Bloomsbury  Square. 


Maech,  1861. 


OBJECTS,  &c.,  OF  THE  CAVENDISH  SOCIETY. 


The  Cavendish  Society  was  instituted  for  the  promotion  of 
Chemistry  and  its  allied  sciences,  by  the  diffusion  of  the  literature 
of  these  subjects. 

The  subscription,  constituting  membership,  is  one  guinea  a-year, 
to  be  paid  in  advance;  and  the  subscription  becomes  due  on  the 
1st  of  January  of  each  year.  A  member  is  entitled  to  a  copy  of 
every  book  published  by  the  Society  for  the  year  for  which  he  has 
subscribed,  but  no  member  can  receive  the  Society's  publications 
until  his  subscription  has  been  duly  paid. 


WORKS  OF  THE  CAVENDISH  SOCIETY. 

1848. 

1.— CHEMICAL  REPORTS  AND  MEMOIRS.  Edited  by  Thomas 
Graham,   F.R.S.     (Out  of  Print.) 

2.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gmelin.  Trans- 
lated by  Henry  Watts,  B.A.,  F.C.S.     Vol.  I. 

1849. 

3.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.  Vol.  II. 

4.— HAND-BOOK  OF  CHEMISTRY.     By  Leopold  Gmelin.    Vol.  III. 

6.— THE    LIFE    AND    WORKS   OF   CAVENDISH.    By  Dr.  George 

Wilson. 

1850. 
6.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.    Vol.  IV. 
7.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.    Vol.  V. 

1851. 
8.— PHYSIOLOGICAL     CHEMISTRY.      By    Professor     Lehmann. 

Translated  by  George  E.  Day,  M.D.,  F.R.S.     Vol.  I.    (Out  of 

Print.) 
9.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.    Vol.  VI. 

1852. 
10.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.  Vol.  VII. 

(Organic  Chemistry,  Vol.  I.) 
11 —PHYSIOLOGICAL  CHEMISTRY.  By  Professor  Lehmann.  Vol.  IL 
12.— ATLAS  OF  PLATES  relating  to  PHYSIOLOGICAL   CHEMIS- 
TRY.   By  Dr.  Otto  Funke. 
(Supplement  to  Lehmann 's  Physiological  Chemistry.) 

1853. 
13.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gmelin.  Vol.VIIL 

(Organic  Chemistry,  Vol.  II,) 
14.— ELEMENTS  OF  CHEMICAL  AND  PHYSICAL  GEOLOGY.    By 

Professor  Bischof.     Vol.  I. 

1854. 
15.— THE  LIFE  AND  SCIENTIFIC  RESEARCHES  OF  DALTON. 

By  Dr.  W.  C.  Henry,  F.R.S. 
16 —PHYSIOLOGICAL    CHEMISTRY.      By    Professor    Lehmann. 

Vol.  III. 
17.— LAURENT'S  CHEMICAL  METHOD.    Translated  by  Wm.  Odling, 

M.B. 


1855. 
18.— HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.    Vol.  IX. 

(Organic  Chemistry,  Vol.  III.) 
19.— ELEMENTS  OF  CHEMICAL  AND  PHYSICAL  GEOLOGY.    By 

Professor  Bischof.     Vol.  II. 

1856. 
20.-HAND-BOOK  OF  CHEMISTRY.    By  Leopold  Gmelin.    Vol.  X. 

(Organic  Chemistry,  Vol.  IV.) 
21.— HAND-BOOK  OF  CHEMISTRY.  By  Leopold  Gmelin.    Vol.  XII. 
(Organic  Chemistry,  Vol.  VI.) 

1857. 
22.-  HAND-BOOK  OF  CHEMISTRY.   By  Leopold  Gmelin.  Vol.  XI. 
(Organic  Chemistry,  Vol.  V.) 

1858. 
23.— ELEMENTS   OF   CHEMICAL   AND    PHYSICAL    GEOLOGY. 
By  Professor  Bischof.     Vol.  III. 

1859. 
24— HAND-BOOK  OJF  CHEMISTRY.  By  Leopold  Gmelin.   Vol.  XIIL 
(Organic  Chemistry,  Vol.  VII.) 

1860. 
25.— HAND-BOOK  OP  CHEMISTRY.   By  Leopold  Gmelin.    Vol.  XIV. 
(Organic  Chemistry,  Vol.  VIII.) 


CHEMICAL  REPORTS  AND  MEMOIRS.  Edited  by  Professor 
Graham.     This  work  is  out  of  print. 

GMELIN'S  HAND-BOOK  OF  CHEMISTRY.  Translated  and 
Edited  by  Henry  Watts,  B.A.,  F.C.S. 

A  few  sets  remain  from  Vol.  I  to  Vol,  XII,  which  are  supplied  for  ^6  6s. 
Separate  copies  of  the  Volumes  from  IV  to  XII  may  also  be  had  at 

10s.  6d.  each. 
Vols.  XIII  and  XIV  can  only  be  obtained  by  subscribing  for  the  years 
for  which  they  were  issued. 

LEHMANN'S  PHYSIOLOGICAL  CHEMISTRY.  Translated  and 
Edited  by  Dr.  G.  E.  Day,  F.R.S. 

The  First  Volume  of  this  work  is  out  of  print.  There  still  remain  a 
few  copies  of  the  Second  and  Third  Volumes,  and  of  Dr.  Otto  Funke's 
Atlas  of  Physiological  Plates,  which,  together,  may  be  obtained  for 
£1  Is. 

BISCHOF'S  ELEMENTS  OF  CHEMICAL  AND  PHYSICAL 
GEOLOGY. 

The  First  and  Second  Volumes  of  this  Work  are  supplied  for  a  sub- 
scription of  £1  Is. 

THE  LIFE  AND  WORKS  OF  CAVENDISH.  By  Dr.  Geo.  Wilson. 

THE  LIFE  AND  SCIENTIFIC  RESEARCHES  OF  DALTON. 
By  Dr.  W.  C.  Henri?,  F.R.S. 

LAURENT'S  CHEMICAL  METHOD.    Translated  by  Dr.  Odling. 
These  three  Works  are  supplied  for  a  subscription  of  £1  is. 


*^*  Applications  for  the  works  of  the  Cavendish  Society,  are  to 
be  made  to  the  Agent,  Mr.  Harrison,  59,  Pall  Mall,  S.  VV.;  by  whom 
also  the  Subscriptions  of  Members  are  received. 


i£)onorarg  local  Secretaries. 


Aberdeen — Dr.  E.  Rattray. 

Banhury—Thom2i&  Beesley,  Esq. 

Bath— J.  P.  Tylee,  Esq. 

Bathgate— James  Young,  Esq. 

Becdes—W.  E.  Crowfoot,  Esq. 

Bedford — W.  Blower,  Esq. 

Belfast— Dr.  J.  F.  Hodges. 

Birmingham — George  Shaw,  Esq. 

Bolton— B..  H.  Watson,  Esq. 

Bradford— ^ohevi  Parkinson,  Ph.  D. 

Brighton— Y.  Busse,  Esq. 

Bristol — Wm.  Herapath,  Esq. 

Cambridge — W.   H.   iililler,   Esq., 
M.A.,  F.R.S. 

Chester — R.  D.  Grindley,  Esq. 

Clifton— Q.  F.  Schacht,  Esq. 

Cork — Thomas  Jennings,  Esq. 

Dublin — Dr.  J.  Apjohn. 

Exeter — George  Cooper,  Esq. 

Farnham — W,  Newnham,  Esq. 

Oalway — Dr.  T.  H.  Rowney. 

Glasgow— ^Y2i\iQX  Crum,  Esq.,  F.R.S. 

Gosport — Dr.  W.  Lindsay,  R.N. 

Guernsey — Dr.  E.  Hos^s,  F.R.S. 


I 


Liverpool- 


Manchester —  <  \ 


Halifax- John.  W.  Garlick,  M.D. 

Hull — Thomas  J.  Smith,  Esq. 

Leeds— W.  S.  Ward,  Esq. 

/  Dr.  J.  Dickinson. 

i  J.  B.  Edwards,  Ph.  D. 

Llandilo — B.  Morgan,  Esq. 

f  John  Graham,  Esq. 

IH.  E.  Roscoe,  Ph.D. 

Newport  {Monmouthshire) — Ebene- 
zer  Rogers,  Esq. 

Norwich — Edward  Arnold,  Esq. 

Nottingham — Joseph  White,  Esq. 

Oxford— IL.  J.  Smith,  Esq. 

St.  Andrew's— Dr.  G.  E.  Day,  F.R.S. 

St.    Helen's    {Lancashire) — James 
Shanks,  Esq. 

Southampton — W.  B,  Randall,  Esq. 

Stockbridge— George  Edmondson, 
Esq. 

Swansea — Dr.  Thomas  Williams. 

Wolverhampton — B.  Walker,  Esq. 

Worcester — W.  Perrins,  Esq. 

York—W.  G.  Procter,  Esq. 


UNITED  STATES. 

New  For^— Henry  Bailliere,  Esq.,  290,  Broadway." 
Philadelphia — William  Procter,  jun.,  Esq. 


Harrison  and  Sons,  Printers,  St.  Martin's  Lanb,  W.C. 
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